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PREFACE 


an early interest in the possibilities for curtain wall development was ex- 
pressed by Robert L. Davidson, a member of the Architectural Record 
editorial staff. In 1929 he wrote, “It is the opinion of some of the leading architects 
of Europe and America that it is entirely practical to eliminate masonry by using 
metal mullions as in the Bauhaus. Or, if one desires to have solid walls for the 
architectural effect, one may use metal panels between the metal mullions.” Mr. 
Davidson added, prophetically, “The modern architect is aware of changed con¬ 
ditions which demand economy and truthful expression in present-day buildings. 
The spirit of the age, which is clearly dominated by the machine and mass pro¬ 
duction, makes necessary the adoption of machine-made products considered in 
the light of their aesthetic effects; steel, copper, aluminum and alloys, terra cotta, 
tile, concrete as light as wood and having the virtues of fireproofness, sound and 
heat insulation, glass ... all are added to the architect's palette. These products 
of the machine are to be used more and more frankly, first for their inherent struc¬ 
tural and economic qualities and secondly for their aesthetic attributes.” 1 
The beginning of curtain wall development should logically have taken place 
immediately after the invention of the skeleton frame. For reasons that are not 
quite apparent, this did not happen. Despite the insights of men like Davidson, 
architects continued to erect walls of masonry on the new frames as if a new form 
had never been invented. The end result was a great many buildings that were 
masonry to the eye but steel or reinforced concrete to the mind. There were 
exceptions, of course, but the great majority of skeleton-framed buildings con¬ 
structed before the contemporary wall came into favor were cursed on the draw¬ 
ing board with this most basic of all architectural inconsistencies. 

As it happened, the development of the new wall, once underway, proceeded 
at a tremendously rapid pace in an effort to make up for lost time. Almost every 
architect of any significance in contemporary design adopted the new walls at 
once, lending impetus to the movement. Soon a vast number of manufacturers 
became interested in the field, some by plan, some in spite of themselves. Over 
night it seemed as if almost every architect had a curtain wall design on his boards 
and every manufacturer was offering some product in the new market. A lot of 
walls were erected. Some installations received volumes of free publicity (one 
developer readily admitted he used the walls primarily for this purpose). A few 

1 Davidson, Robert L. “New Construction Methods,” Architectural Record , October 1929, 362 ff. 
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walls failed (spectacularly in some cases). A number of suppliers went out of busi¬ 
ness (for each one who failed a dozen seemed to spring up in his place). The over¬ 
all scene was one of almost unbridled confusion. 

The situation has now settled down somewhat. Numerous conferences and 
meetings have been held, many of them of great value. Progress is being made in 
many directions, and the near future holds much promise for the new form. There 
is still much to learn, but a substantial beginning has been made. 

This book is intended as a contribution to the understanding of the contempo¬ 
rary curtain wall. The author has attempted to include the thoughts of the many 
people active in the field, plus as much technical information as could be gathered 
together in a usable manner. Opinions have been included, but the author has 
tried to present various sides of controversial questions whenever possible. As the 
book was prepared to offer a source of our present-day knowledge of the curtain 
wall to all those interested in the field, whether architects, engineers, manufac¬ 
turers, erectors, contractors, or students, some phases of the discussion will be of 
more interest to one group than to another. 

The author earnestly urges his readers to delve more deeply into the many small 
problems that cannot possibly be covered here. To do so, they should consult 
suppliers on subjects within their own fields, utilize the lists of associations and 
other organizations in the appendixes as sources of information, and finally, devote 
themselves to creative design, careful detailing, and adequate testing. Robert 
Davidson, in the article quoted above, urged the architect of 1929 to pursue a 
similar course. The need is equally great today. 

The Contemporary Curtain Wall is the result of several years work. It was almost 
three years in the writing, preceded by a number of years of research, which was 
continued during the time of writing. However, in such a vast and changing field, 
there is always the possibility of omissions, misinterpretations, and other discrepan¬ 
cies, for which apologies are in order. It is the hope of the author that those affected 
most will understand. Heartfelt thanks are extended to all those who contributed 
so much in so many ways. A few of these benefactors will be found listed in the 
credits at the end of the text. 

However, my close associates in our architectural and consulting practice who 
contributed to the work in very large degree by reading, criticism, drafting, and 
typing must be thanked specifically. They include Leon Dewey, Mrs. Odette Butz, 
Fernando Gomez-Farah, Richard Butker, and my wife, Gwen. 

WILLIAM DUDLEY HUNT, JR. 

New Orleans , La. 
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CHAPTER 1 The Curtain Wall 


What is a curtain wall? 1 It is a curtain and it is a wall. The word “curtain” 
connotes a somewhat flimsy barrier placed to control the passage of people 
or animals, light, air, and the like; an object temporary in character, to be 
closed or opened at will. The word “wall” is usually taken to mean a firm, 
solid barrier placed to control the same factors; an object permanent in 
character, partially subject to the will of the building occupants. 

The curtain separates space informally. The traditional wall formally en¬ 
closes and divides space, meanwhile performing the equally important func¬ 
tion of supporting other walls, the floors, and the roof. 

As currently used, “curtain wall” has come to mean a wall that divides 
space, is controllable, and supports nothing but itself. Strong, flexible, light, 
thin, the curtain wall logically if somewhat tardily followed the develop¬ 
ment of the skeleton frame. With the introduction of steel and reinforced 
concrete framing, the ancient function of the wall as an integral part of the 
primary structural system was eliminated. Supplanted as vertical supporting 
members by structural columns, bearing walls became obsolete. The modern 
curtain wall was developed to take its place (Fig. 1.1). 

In his report to the Porcelain Enamel Institute on research done for that 
organization, William Lescaze suggested this definition of the new wall: 
A curtain wall may be defined as an exterior wall which is nonloadbearing 

1 Some codes and glossaries term it a “panel wall.” 
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Fig. 1.1 Curtain wall with stainless spandrels 
(Twin Towers Apartments, Chicago, III.) 


and is supported at each floor by the structural framework of the building.” 
Although short and succinct, this definition is not conclusive. Some plausible 
arguments have been advanced for the inclusion of lightweight, prefabri¬ 
cated bearing walls and for interior walls that otherwise meet the require¬ 
ments. There are systems on the market now that are attached and supported 
at alternating floor levels, the unit vertically spanning two floors. How¬ 
ever, Lescaze’s definition is generally acceptable, if we modify it to read 
that the wall be supported by the structural framework of the build¬ 
ing, and avoid specifying the location of the supports. The right to modify 
this definition in the light of newer developments should always be re¬ 
tained. In a new field, definitions serve more usefully as guideposts than 
as dogma. 

The criteria that a wall must meet in order to qualify under the definition 
accepted are few. Primarily, it must enclose space. It must support only its 
own weight, usually for one story, occasionally for two or more. It must 
accomplish everything any wall does except support the floors, roof, and 
other walls. The long accepted 13-in. or thicker masonry and plaster wall, 
if it were nonloadbearing, would qualify in these respects (Fig. 1.2). 
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BEARING WALL 

Fig. 1.2 Comparative thickness of 
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CURTAIN WALL 

masonry and curtain walls 


The qualifications of the old masonry curtain wall remain, but added to 
these are new possibilities for the utilization of modern materials, knowl¬ 
edge, and techniques. Design with this new wall is flexible. Mass production 
can provide modular components that can be combined into imaginative 
designs by varying form, color, texture, and, of course, basic materials. 
Standard components may unite in a reasonable adjunct to the skeleton 
frame based on today s technology (Fig. 1.3). For the first time, it is possible 
to obtain a wall in which spandrel covers, solar devices, and fenestration 
become integral parts of a whole rather than separate entities related to each 
other in a rather makeshift manner. 


HISTORY 


Like most other new developments, the curtain wall is not actually new. 
It has existed, unnamed, for centuries. When the Greeks and Romans uti¬ 
lized post-and-lintel construction, filled in with brick, stone, or concrete for 
enclosure, they built curtain walls. The medieval cathedral with arches 
supported upon columns had curtain walls of stained glass. The Crystal 
Palace of James Paxton, the Bibliotheque Nationale, and the early sky- 





































Fig. 1.3 A contemporary curtain wall 




scrapers utilizing skeleton construction had curtain walls of glass and either 
metal or masonry. Even the Chrysler Building (Fig. 1.4), which was built in 
1929 and is not only steel framed but also pioneering in the use of exterior 
stainless steel, is enclosed by a rudimentary curtain wall, composed of tons 
of masonry set into place piece by piece like a child’s building blocks. 

In the curtain wall of today, the results of the new technology and design 
are apparent. From the time of the early prototype skyscrapers of the 19th 
century, the need has existed for the type of wall available today. But only 
within the last several years has the designer had at his disposal a protective 
covering for the major structure of the building that exploits our present-day 
manufacturing, prefabrication, and erection methods. Many problems re¬ 
main to be solved before this new construction completely fulfills our re¬ 
quirements, but the way is now open for their solution. Enormous obstacles 
to the new construction—an indifferent or sometimes hostile public; a labor 
force reluctant to accept new materials and techniques and plagued by 
jurisdictional disputes; antiquated building code restrictions; the lack of 
research and development within the industry—have been or are being 
overcome. 









































Fig. 1.4 Chrysler Building, New York 


Tremendous progress, all out of proportion to the actual time elapsed, has 
transpired in wall construction since Chicago’s Monadnock Building was 
built in 1893 with bearing walls of masonry 6 ft thick to support the vast 
tonnage above. Instead of massive walls requiring months, even years, to 
build, we have now a 3-in. wall that can be erected in days. Instead of a 
typical weight of about 100 psf for each of many feet of thickness, we now 
have a wall weighing less than 10 psf complete. 

Two reasons for the development of the new curtain walls are readily 
apparent: (1) In a building in which the frame carries all the loads, the wall 
of the past has no logical place, and (2) the new walls make use of the tech¬ 
nological advances made in building materials and methods. Figure 1.5 con¬ 
trasts the old wall and the new. 

Theoretically, many other reasons exist for using curtain walls in contem¬ 
porary building. Some of the following advantages are attainable now, 
others are future possibilities: 


Increased thermal insulation—Savings on heat and air conditioning (U 
values down to 0.05 possible) 






























Thinner walls—2-in. to 5-in. or more increase in rental space inside build¬ 
ing (Fig. 1.6), resulting in increased revenue 

Mass production—Makes use of modern factory production methods 

Prefabrication 

Preassembly 

Efficient erection from inside building—No expensive scaffolding or loss of 
time because of weather 
Elimination of wet materials 

Transportation—More orderly and carefully calculated; standardized 
transportation and storage 

Permanence—May be designed for life span desired; materials remain 
bandbox new, in mint condition up to 100 years 
Few joints 

Nonporous materials—Moisture absorption cut to minimum 
Dustproof walls—Elimination of dust and dirt penetration 
Weatherproof walls 

Minimum maintenance—Requires little or no maintenance for perma¬ 
nence; easy to clean 

Reduced weight—Creates savings in structure down to the foundation 
(total weight of new wall 5 to 15 psf) 

■ 
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Fire resistance Can be made to meet any reasonable fire test (maximum 
necessary now considered 2 hr under most codes) 

Strength—Can be made to withstand 150-mph winds 
Size-Comes in large units, 10 to 100 sq ft or larger 
Reduced sound transmission—Loss of about 30 db average (approximately 
the same as double-glazed windows; larger reduction possible) 
Replacement—Can be removed easily and replaced 
Attachment-Simple and positive attachment to building 
Fabrication—Reasonably simple 
Caulking or gaskets—Minimum or none 

Appearance—Flexible in design, textures, forms, pattern, and ornament; 
color available to designer on demand 
Condensation-Controlled and vented to outside 
Expansion and contraction—Compensates for building movement 
Costs—Economically feasible 

Time—Reduced time of building lessens temporary financing costs, allows 
earlier collection of rents and rapid turnover of labor and materials for 
contractors. 


Ideally, all the foregoing advantages of curtain walls are both desirable 
and possible. After studying the relative merits of two types of masonry 
walls as opposed to curtain walls of aluminum or marble, Mackie & Kam- 
rath. Architects, chose the marble curtain for their Texas Medical Center 
Cancer Station (Fig. 1.6) in Houston. Careful consideration showed this cur¬ 
tain wall to be the most economical and logical choice for this building 
(usable floor area was increased by 3,400 sq ft). 



MASONRY WALL CURTAIN WALL 

Fig. 1.6 Space saving curtain wall (Texas Medical Center, Houston, Tex.) 
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THE CURTAIN WALL 



In actual practice, problems still exist that eliminate some of these ad¬ 
vantages. But increased research, practical experience, and emphasis on 
creative design and new methods are combining to bring the ideal wall 
closer to reality with each building completed. Robert L. Davison, a pioneer 
in its quest, titled his article in the October 1946 Architectural Record, “The 
Better Wall Is Coming.” Well, it is still coming, but it is not so far off as it 
was in 1946. 


Fig. 1.7 Asbestos-cement board and aluminum curtain wall (Cedar Lake Medical Clinic, 

New Britain / Conn.) 

Fitch’s concept 1 of the wall as a filter through which matter, people, 
or animals may enter, exit, or be excluded entirely is now, or soon will be, 
an actuality. Rain, snow, sleet, fog, dirt, smoke, soot, and insects are to be 
kept out. Fire is always to be excluded (or kept within the building, as the 
situation warrants). Light, air, cold, heat, wind, odors, sounds, animals, and 
people may enter, depart, or be obstructed from entry or departure as 
desired. 


1 See Fitch, Janies Morton, American Building. Houghton Mifflin Co., Boston (1948). 



























(655 Broadway Building, Denver, Colo.) 


Fig. 1.10 Spandrel glass and aluminum curtain wall (American Hardware Mutuals Insurance 
Co. Building, Minneapolis, Minn.) 


Fig. 1.9 Aluminum industrial curtain wall (Morro 
Bay steam plant, Morro Bay, Calif.) 


















Fig. 1.11 Concrete curtain wall (Promontory 
Apartments, Chicago, III.) 



Fig. 1.12 Glass and carbon-steel curtain wall (Westwood School, Park Forest, III.) 
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TABLE 1.1 THE IDEAL CURTAIN WALL 


Values less than ideal but usually acceptable are given in parentheses 


Durability 
Thickness 
Weight 
Insulation ( U) 


100 years (minimum, 40) 
2 in. (maximum, 5) 

5 psf (maximum, 15) 
0.05 (maximum, 0.15) 


Fire resistance 
Strength 
Moisture control 
Ventilation 
Flexibility 

Removability 
Sound transmission 
reduction 
Sound deadening 
Size 

Adaptability 

Erection 

Attachment 

Handling 

Shipping 

Fabrication 

Appearance 

Maintenance 

Cost 


2 hr (minimum, incombustible) 

Resistance to 150-mph wind (minimum, 100) 

Weatherproof on outer face, vaporproof on inner face 
For summer cooling 

For expansion, contraction, building movement 
Panels easily removable for repair or replacement 

50 db (minimum, 25) 

Against impact of rain and wind 

Large units, 25 to 100 sq ft (minimum, 10) 

All types of building framing accommodated 
Inside installation (no outside scaffolding required) 

Simple and positive, adjustable in three dimensions 
Easy, preferably by manpower 
Easy, by standard transportation 

Simple enough for any reasonably equipped fabricating shop 
No waviness, not too reflective, wide variety of textures and colors, 
uniform weathering, self-cleaning, over-all attractiveness 
No painting, caulking, refinishing, or cleaning required for dura¬ 
bility or appearance 

Competitive with conventional construction (maximum, $5.00 psf 
in place) 


THE FUTURE 


Various criteria have been formulated for the ideal curtain wall. The most 
complete and lucid formulation—far from being realized today, but valuable 
as a yardstick-was prepared by the Princeton School of Architecture for the 
Committee of Stainless Steel Producers of the American Iron and Steel Insti¬ 
tute. The criteria arrived at are given in Table 1.1. Almost all these charac¬ 
teristics may be obtained in various walls individually (Fig. 1.7 through 
1.12), if not yet conjointly. 











CHAPTER 2 


The Functions 


The curtain wall functions as a filter for the elements, fire, people, animals, 
sounds, odors, and anything else that might pass into or out of a building. 
The main problems in its design are those elements that resist the passage 
of these items or, concurrently, allow their passage when desired (Fig. 2.1). 
The wall must be a barrier but a flexible one. It is called upon to filter pri¬ 
marily the following: 

Precipitation (in all its forms) Condensation 

Wind View 

Fire Light 

Temperature (heat and cold) 

Another major design problem concerns the stresses caused by building 
movements resulting from expansion or contraction. The wall must also be 
capable of resisting extraordinary stresses, such as from earthquakes or 
hurricanes. 

Each of these problems meshes with the others. In the past, all have been 
solved individually with good results. The troubles inherent in the design of 
the ideal wall stem mainly from the difficulty of integrating the individual 
solutions. Correct solution of the temperature problem, for example, often 
invalidates the best solution for the fire problem. Control of condensation 
often complicates the precipitation problem, and so it goes. An examination 

12 











2.1 The wall as filter 


of each of these individual problems is necessary before attempting a more 
detailed study of how they can be solved together. Each must be understood 
singly before all the multiple facets of the contemporary curtain wall can 
be grasped. 

PROTECTION FROM PRECIPITATION 


The primary problem in dealing with precipitation is what to do with rain. 
If it can be excluded from the building by the curtain wall, as it must be, 
then other forms of precipitation will cause little trouble. Ordinarily, if rain 
is kept out, little trouble may be expected with dust, dirt, smog, or other 
foreign matter. It may be necessary in certain areas, on the other hand, to 
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2.2 Water entry through the wall 

pay more attention to the problem of smog or dust than to that of precipita¬ 
tion. But the basic problem remains the same: To provide a tight covering 
for the building that will prevent outside foreign matter from penetrating 
to the inside surface. 

The blunt fact is that curtain walls are susceptible to leakage. Perhaps too 
many of those in existence at the present time are leaking or have had cor¬ 
rective treatment for this problem a short time after erection. Too many 
have compromised efficiency with economics. Conversely, a majority of the 
buildings with metal and glass walls have not leaked so far. Will they leak 
in the future? We will have to wait for the answer. Thought and planning 
can obviate these troubles and are doing so today, within the limits of our 
present knowledge. 

The question of prevention of moisture penetration through the wall 
breaks itself into two parts: (1) Water entering the interior through the wall 
surface (Fig. 2.2), and (2) water entering the interior through the joint. 

The more porous materials, like stone or masonry, allow water to be 
siphoned through their surfaces to the inside. Furthermore, the problem of 
waterproofing the joint in this type of construction is greatly multiplied, be¬ 
cause of the vast number of joints. 

In the new types of curtain walls, on the other hand, the exclusion of pre¬ 
cipitation can be complete and absolute over nearly all of the exposed sur¬ 
face. The joint then becomes the critical element in the protection that must 
be afforded from precipitation. 
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THE JOINT 

The design of a joint for the contemporary curtain wall is complicated and 
many-faceted. In addition to the primary purpose of excluding precipitation, 
the joint must necessarily make provision for construction tolerances in the 
sti ucture, which are always much greater than the manufacturing tolerances 
of the wall units themselves. Provision must be made for building move¬ 
ment, expansion, and contraction. Condensation within the wall is ordinarily 
drained off through the joint. Invariably, the joint becomes the flexible link 
in the wall. 

Thus the joint the weakest point in the entire wall—has multiple func¬ 
tions to perform, some almost directly opposed. It must be weathertight, yet 
free to vary its dimensions with changes in the temperature; it must exclude 
rain, yet allow internal condensation to bleed off; it must be simple to 
fabricate, yet permit disassembly or removal to replace or repair panels acci¬ 
dentally damaged or to permit access to equipment behind; it must be flexi¬ 
ble to compensate for large tolerances in the structure, yet avoid the use of 
metal in ways that can conduct heat through the wall. 

The joint must provide answers for these technical problems and yet pre¬ 
sent a good appearance, for the esthetic qualities of the finished wall depend 
heavily on the methods of joining the various materials. Typical joints of 

various types and examples of their use in actual curtain walls are shown 
in Fig. 2.3. 

Of all the technical problems inherent in curtain wall design, that of the 
joint will bear the most study. Unless properly designed and detailed, this 
critical point in the system will remain potentially weak for the life of the 
building. 


PROTECTION FROM WIND 


One aspect of the problem of protection from wind is penetration, the 
other is wind loading. Wind penetration solutions are directly related to 
precipitation solutions (Fig. 2.2), except that in the past the admittance of 
wind has been desirable or necessary in many buildings for the comfort of 
the occupants. Air conditioning has allowed the newer structures to have 
completely sealed walls, with no openings to admit breezes. In such build- 
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ings, one of the joint problems is made somewhat easier, since the window 
areas may be designed for view and light alone and the glass joint perma¬ 
nently closed. 

The design of curtain walls for freedom from wind penetration is ac¬ 
complished at the same time moisture penetration problems are solved. 
No special provisions appear to be required other than those ordinarily used 
for preventing rain from entering and for directing condensation out. 

WIND LOAD 

Wind loading is the major load a curtain wall is required to resist. The 
dead load of the wall itself is small and is transferred to the main building 
structure at intervals. A wall designed for wind load will ordinarily meet any 
other stresses applied to it. As far as the designer is concerned, these loads 
are the ones established by applicable building codes. 

Typical codes of the past required varying loads to be assumed, depend¬ 
ing on the height of the structure. These loads ranged from about 20 to 50 
psf on the vertical surfaces, as imposed by winds of approximately 75 mph 
to those of hurricane intensity (about 110 mph). The usual design load 
specified by codes now is 30 psf (a wind of about 87 mph). In coastal regions, 
some codes still require a 50-psf loading. Certain researchers feel that a cur¬ 
tain wall structure projecting more than 30 ft above the ground in hurri¬ 
cane areas should be able to withstand a 150-mph wind, which imposes a 
loading of approximately 90 psf. Most codes require loads to be assumed as 
acting over the entire wall—an unlikely event, since it has been shown that 
even during hurricanes the pressures vary from section to section of the wall. 

Data collected by the United States Weather Bureau proves that wind 
loads vary widely in different parts of the country. This information (from 
188 stations over periods averaging 50 years) has been used by the National 
Bureau of Standards to develop a map of minimum allowable resultant wind 
pressures (Fig. 2.4) and a table of wind pressures for varying heights (Table 
2.1). 1 All map values were computed at 30 ft, indicating that a 30-psf 
loading at this height is a reasonable assumption for most regions. Notable 
exceptions are the entire Eastern Seaboard from Florida to Maine, and the 
Gulf Coast from Florida to Texas. For these sections, 35- to 50-psf loadings 
will suffice. 

Wind loads are ordinarily assumed to increase with the height of a build- 

1 American Standard Building Code Requirements for Minimum Design Loads in Buildings 
and Other Structures,” ASA A58.1. 6 
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Fig. 2.4 Wind map 


ing, as shown by Fig. 2.4 and Table 2.1. Many codes have provisions for load 
increases to conform to increased wind at levels above 30 ft. Other factors 
complicating a logical approach to the problem stem from the varying orien¬ 
tation and shapes of buildings, and the size and placement of their openings. 
Wind loads also vary with temperature, barometric pressure, and relative 
humidity. 

Curtain wall structures may conceivably be designed to meet any of these 
loads. Projecting mullions or joints may be designed to take the load, thereby 
permitting the wall to be held to minimum thickness. Loads of 30 psf can be 
adequately withstood by mullions 4 in. thick, 4 ft on centers, and span¬ 
ning from floor to floor while framing very thin panels or ordinary plate 
glass. If it is desirable to maintain smooth surfaces inside and out with no 
projections, the entire wall must be designed to take the loads, but this pro¬ 
cedure results in considerably thicker walls. 

Pending new research, the designer will do well to assume the loads 
recommended by the American Standards Association, while paying due 
regard to the provisions of the codes with which he must work. Much re¬ 
mains to be done in developing more realistic data. Code revisions must 
surely follow if curtain wall design is to progress. 
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PROTECTION FROM FIRE 

The first principles in designing a curtain wall for fire protection are 
these: 

1. Fire must be prevented from entering the building from outside. 

2. Fire must be prevented from spreading from the inside to other nearby 
structures. 

3. Fire must be prevented from spreading from one floor to another or 
from one room to another by passing through the exterior wall and back 
into the adjoining space. 

4. Smoke and gases must be controlled. 

Of late, much new light has been shed on fire safety. There was a time 
when the chief obstacles to progress in the curtain wall field were building 
codes and code officials. The early codes were based on an incomplete notion 
of what a fire does in a building and assumed that masonry would be the 
wall material. Reactionary officialdom resisted new developments for many 
years. The basic requirement for nonloadbearing walls was a capacity to 
withstand a standardized fire test for a certain number of hours, usually four. 
The wall had to be of masonry, often arbitrarily 8 to 12 in. or more in thick- 

TABLE 2.1 WIND PRESSURES FOR VARIOUS HEIGHT ZONES ABOVE GROUND 

That wind pressure column in the table should be selected which is headed by a value corresponding to the 
minimum permissible resultant wind pressure indicated for the locality in Fig. 2.4. The figures given are recom¬ 
mended as minimum. These requirements do not provide for tornadoes. For more complete data, the curtain 
wall designer should refer to "Minimum Design Loads in Buildings, and Other Structures," ASA Standard No. 

A 58.1—1955 sponsored by NBS, U.S. Dept, of Commerce. 


Height zone, 
ft 



Wind pressure in map areas, 
psf 



20 

25 

30 

35 

40 

45 

50 

Less than 30 

15 

20 

25 

25 

30 
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40 

45 

50 

50 to 99 

25 

30 

40 

45 

50 

55 

60 

100 to 499 

30 

40 

45 

55 

60 

70 

75 

500 to 1,199 

35 

45 

55 

60 

70 

80 

90 

1,200 and over 

40 

50 

60 

70 

80 

90 

100 
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ness. By effectively barring thin curtain walls from nearly all cities, these 
requirements greatly hampered their development. Many of the early appli¬ 
cations were therefore in nonmetropolitan areas. 

Code changes are now bringing about more logical and uniform fire pro¬ 
tection requirements. In the first place, a widespread trend exists for new 
codes to be of the performance type. Stressing a certain desired result, instead 
of an arbitrary method of attaining that result, these new codes encourage 
the advanced thinking going on in the field today. However, it must be re¬ 
membered that building codes are written for the protection of people. The 
first big fire in which a thin curtain wall failure contributes to a major catas¬ 
trophe will set back the whole program immeasurably. 

THE NATIONAL CODES 

Today most cities adopt or model their codes after one of the national 
codes. These codes are extremely influential, and almost all have included 
performance-type provisions in their latest revisions. 

The important national codes are these: 

National Bureau of Standards: Fire Resistance Classification of Building 
Constructions 

Building Officials Conference of America: Basic Building Code 

International Building Officials Conference: Uniform Building Code 

National Board of Fire Underwriters: National Building Code 

Southern Building Code Congress: Southern Standard Building Code. 

The requirements of these codes are still based on the fire test, but most 
of them now indicate a more rational approach. In general, they require 
from 1- to 2-hr fire resistance, though one (Uniform Building Code) specifies 
% to 2 hr and another (NBFU) still requires a 4-hr rating but no specific 
material. 

THE FIRE TEST 

The fire test these walls must withstand is that of the American Society 
for Testing Materials, ASTM E119-54, entitled “Methods of Fire Tests of 
Building Construction and Materials.” Essentially, it requires the following: 

1. Sample to be tested—Minimum size 100 sq ft, with no dimension less 
than 9 ft 
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2. Firing—Usually by gas jets, with thermocouples placed on unfired side 
under asbestos pads to prevent temperature loss 

3. Temperature-No more than 250° F on unfired side (Fig. 2.5). On the 
fired side, the temperature rise should be as follows: 

In 5 min—1,000° F 
In 10 min—1,300° F 
In 1 hr -1,700° F 
In 2 hr -1,850° F 
In 4 hr -2,000° F 

4. Miscellaneous provisions—Pass a hose test of 45 psi; prevent flame or 
gas from passing through panel to ignite cotton waste on unfired side. 



Hours 

Fig. 2.5 Temperature rise in standard fire test 

FIREPROOFING VERSUS INSULATION 

The requirements for a functioning curtain wall include a fairly low in¬ 
sulating factor, or U value. The materials that make good insulators are 
generally the ones that yield low fire ratings, whereas masonry materials 
with their capacity for high fire ratings are almost universally lacking in 
good insulating qualities (see Chap. 3, Fig. 3.52). Many masonry materials 
slow down the rate of heat transfer by using a large amount of heat to evap- 
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orate the water contained in their physical or chemical composition. Thus, 
materials that possess large quantities of trapped water usually offer the 
best protection against through heat rise in fires. Materials with good 
thermal insulation qualities, however, usually gain a large part of their 
effectiveness from their entrapped air. Air, although it delays heat trans¬ 
mission slightly, requires little heat energy to raise its temperature, and 
correspondingly allows a higher rise of temperature on the wall surface 
away from the fire source. 

Another quality of masonry materials that helps them retard heat gain 
longer than the usual insulating material is their high heat capacity. Large 
amounts of heat can be stored in the mass of masonry, enabling it to with¬ 
stand exposure to fire for a long period before allowing the opposite wall 
face temperature to rise appreciably. This high heat capacity, under normal 
summer conditions, causes the large quantities of heat stored by the masonry 
during warm hours to be dissipated back to the interior atmosphere at night, 
or when the cooling operation begins. This stored heat must be dissipated 
by the air-conditioning system to bring the wall temperature down to some 
point near that of the room air temperature. During the heating cycle, on 
the other hand, a large amount of heat is required to warm the masonry wall. 


CURRENT REQUIREMENTS 

At present, each new wall must be presented to the code officials for ap¬ 
proval of its assembly and the determination of what must be done to make 
it acceptable. Usually, the additive required has been a backup of the wall 
by masonry or similar materials from the head of the window up to an 
arbitrarily selected height above the floor at each story. This area must be 
protected from fire, meaning it must pass the fire test of 1 to 4 hr. 

The window need pass no fire test, but wire glass may be required if ex¬ 
posure is considered particularly hazardous. The protection offered by the 
backup of the spandrel area is largely nullified by the presence of large areas 
of glass, which withstands only about 10 min in the standard fire test. Fire 
windows of wire glass can withstand no more than % hr of the standard 
ASTM fire test. The only advantage to be gained by the use of wire glass is 
that shattered glass is held together until the wire itself melts, at about 
1,700° F. 

Because of code requirements and enforcement, curtain wall units 
brought to the job virtually complete are largely unknown today, except in 
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aieas where codes do not exist. Since all parts of the wall except those classi¬ 
fied as windows must meet the fire tests required, the frame, facing, insula¬ 
tion, joints, and fasteners must all be protected. 

Howevei, the fire test is applied not to the parts (any of which may meet 
the test individually) but to the complete assembly. In essence, this simply 
means that all the area of the wall, except the glass area and its frame, must 
be supplied with a backup placed after the wall is erected. This requirement 
has been a particularly effective obstruction to the development of efficient 
curtain walls. Until data on the actual fire hazards are available and have 
been studied and evaluated, and until sensible criteria have been set up for 
curtain walls, most applications within the fire zones will have to include 
the backup. Once these new criteria are available, it will be possible to man¬ 
ufacture a complete curtain wall by the most advanced methods, with all 
the advantages of prefabrication and preassembly and in a form that will 
permit quick and easy erection. 


FUTURE REQUIREMENTS 

Many arguments are being made in favor of further relaxation of the fire 
requirements for curtain walls. It must be kept in mind that the primary pur¬ 
pose of the code is to protect human life-from the fire itself, from parts of 
the building becoming detached and falling, and from all other dangers in¬ 
herent in a conflagration. Perhaps it is illogical, as many contend, to require 
greater fire resistance of the portion of wall below and above the window 
, than of the window itself. Certainly, much adverse criticism can be made 
of the stipulation that a certain portion of the glass, in such buildings as 
Lever House and the United Nations Secretariat, must be considered span¬ 
drel, and therefore must be fireproofed; whereas the remainder may be con¬ 
sidered window, and need not be fireproofed (Fig. 2.6). 

There is ample evidence that a fire can spread through the openings of 
the building from story to story. If this is true, some provision should be 
made for a minimum vertical distance between openings. This question, in 
common with many others concerning fire spread, can be solved by intelli¬ 
gent development and testing, and many agencies are presently conducting 
such studies. When their findings become available, more realistic criteria 
can be formulated, and incorporated into the codes of the future. 

The fire test itself has been criticized as being too drastic. Research may 
prove it so. It is improbable that a fire of more than 1-hr duration could be 










24 



Fig. 2.6 Increase of thickness in glass walls due to fireproofing backup 

supported by 10 lb of combustible materials per square foot. A concentra¬ 
tion of this intensity is seldom encountered in incombustible buildings, 
other than in file rooms, libraries, or the like. In the light of this knowledge, 
a 1-hr test is all that would be required for inside fires. There is evidence 
that a fire in a building can transmit very little more than 500° F (outside 
temperature) to the wall of a building nearby. This temperature is well be¬ 
low the 1-hr requirement of the fire test. If the assumption proves to be a 
valid one, it can be argued that, under ordinary circumstances, a 1-hr fire 
test rating is more than adequate for most walls. 


ATOMIC PROTECTION 

An extraordinary risk that must be considered today was born with atomic 
warfare. There are apparently four types of human reaction to the possibility 
of nuclear blast: fatalism, naive wishful thinking, hysteria, and intelligent 
planning. To safeguard buildings against an aggressor using the A-bomb, 
the H-bomb, or their successors will require a lot of the fourth alternative, 
intelligent planning. Building walls will be subjected to the initial blast of 
the bomb, followed by intense heat and high winds. The fire hazard will be 
greatly increased, the danger of objects falling from buildings multiplied, 
and the high winds will fan fire into conflagration. If we continue to base 
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our thinking on the premise that the bombs will be used, steps must be 
taken in the design of curtain walls to lessen the damage. The solution to 
this problem does not seem to be in sight at present. ' 

PROTECTION FROM TEMPERATURE 


The study of protection from temperature in a curtain wall involves a con¬ 
sideration of its insulating value, the amounts and types of glazing, the solar 
controls to be used, and the orientation of the building and the particular 
wall in question. All these factors considered together will determine the 
design of the wall for the purpose. 

One of the prime advantages of the contemporary curtain wall is to be 
found in increased and economical insulation. Savings in heating costs and 
more recently in air conditioning costs can be considerable. Walls 2 in. thick 
with twice the insulating value of 12-in. masonry walls are easily obtainable 
(Fig. 2.7). Insulating materials run the gamut of available properties. They 
may be obtained with very low k factors (some as low as 0.23, with lower 
values to be had in the future). Some are structural in themselves, having 



12-IN. MASONRY WALL 2-IN. CURTAIN WALL 

U — 0.40 u = 0.20 


Fig. 2.7 Insulation: Masonry wall compared with curtain wall 
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adequate strength for self-support when covered with protective materials. 
Many are incombustible. Some can be poured or foamed in place to take 
the shape of the inside wall. Others are flexible, possess considerable springi¬ 
ness, or have dimensional stability. They range in price from about 5 <j; per 
bd ft upward. 

The problem in choosing an insulation lies mainly in finding all the requi¬ 
sites for a particular design in one material at a cost that is economically 
feasible. Future developments will probably lower costs and k ratings, while 
increasing sheet sizes. 

Although insulation effectively prevents heat loss or gain from convection, 
heat may also travel through the wall by a number of other routes, princi¬ 
pally by direct conduction through the parts of the assembly (metal or 
others) that project through the wall and through the glass areas. A thorough 
study for any given project will be required to determine the heat loss or 
gain through the glass as compared to that through the closed part of the 
wall. The transmission by conduction through metal members extending 
through the wall (with k values ranging from 200 to 1,400) must be taken 
into account (Fig. 2.8). Typical k values (in Btu) are the following: 


Insulation 

Wood 

Masonry 


0.27 

1.00 

12.00 

314.00 


Steel 

Aluminum 


1,400.00 


Figures are usually hard to obtain for the over-all U value of most wall 
assemblies, but it is of utmost importance that this information be deter¬ 
mined by the designer. In such a study, the use of heat-resistant glass, solar 
shading, double glazing, or other means must be weighed economically and 
esthetically against ordinary glazing. 


CONTROL OF CONDENSATION 


In addition to penetration of curtain walls by rain and other forms of pre¬ 
cipitation, water in the form of condensation must be taken into account. 
These two moisture problems are intimately related, and the solution of one 
is generally inextricably bound to the solution of the other. 
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Fig. 2.8 Effects of metal extending through wall 

a. Metal faces both sides. Conductivity (k) of insulation = 0.27. U values 
for I-, 2-, ami 3-in. insulation with and without rivets are as follows: 



1-in. 

2-in. 

3-in. 

No rivet 

0.223 

0.112 

0.084 

Steel rivet ( l A-in.) 

0.330 

0.176 

0.120 

Aluminum rivet OA-in.) 

0.701 

0.361 

0.243 


b. Same panel with 2-in. insulation. Temperatures: —10°F one face , +70°F 
other face. Average panel temperatures: 64.1°F without rivet , 61.5°F with 

Y±-in. steel rivet. 

Basically, the wall must be leakproof. Its design must provide means for 
preventing moisture in all its forms from entering the building interior. Wa¬ 
ter entering the wall can negate the effect of insulation and eventually will 
destroy many types. It can cause corrosion of metal surfaces. Alternate freez¬ 
ing and thawing of water within the wall can cause buckling and deforma¬ 
tions of the assemblies. Moreover, the building exterior facing can be 
streaked and discolored by the flow from within the wall of water containing 
foreign matter. During certain seasons, the interior face of the wall may be 
subject to condensation that will streak the plaster ox other finishes. 

Surface condensation occurs on the curtain wall—outside or inside—when 
the temperature of a wall face drops below the dew-point temperature of 
the surrounding air. Water vapor forced against the panel by vapor pressure 
will condense on meeting the colder surface of the metal or other materials. 
Generally, the probability of condensation in a curtain wall increases as the 
temperature outside drops and the relative humidity inside increases. 

The vapor pressure inside the building is usually higher than that outside 
during the heating season, and the flow of vapor is from the inside out. If 
the interior wall is vapor-impervious and is maintained at a temperature 
higher than the dew-point temperature of the inside air, no condensation 
will occur. If the interior face has a high rate of moisture transmission, water 
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vapor will penetrate it from inside the room. Unless it is ventilated to the 
outside, condensation will occur on the interior of the outside facing when 
its temperature drops below the dew-point temperature of the outside air. 

In air-conditioned buildings, the conditions may sometimes be the exact 
opposite of those in heated buildings. The flow of vapor will then be from 
the outside in, and condensation will occur on the outside face when the 
temperature of the wall facing drops below the dew point of the moisture¬ 
laden air. This condition may not be serious if the condensation is vented to 
the outside. Similarly, condensation may occur on the inside face of the wall 
unless it is ventilated into the room. 

The major current method of controlling condensation (and rain) consists 
of vapor barriers placed within the wall. These barriers are quite effective 
if properly installed and watertight. Plumbing may be provided within the 
wall for collection and disposal of the condensed water. An alternative solu¬ 
tion utilizes top and bottom vents on the wall to allow a free flow of air 
within. Much of the moisture may be carried off as vapor in a well ventilated 
system. 

VAPOR BARRIER 

Much thought has been given to the condensation problems of all types 
of walls in recent years. The advent of highly efficient insulation has brought 
about more serious consideration of what happens when water vapor con¬ 
denses within the wall and on the interior surface. For the heating cycle, 
a vapor-impervious barrier (Fig. 2.9a) on the warm side of the insulation was 





a. WINTER 


Fig. 2.9 Vapor barrier 


b. SUMMER 
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found to prevent moisture from penetrating to the interior side of the wall, 
and the moisture could be vented to the outside of the building through 
weep holes. At about the time it was conceded that the most efficient method 
of controlling condensation was by the use of such barriers, air conditioning 
came into widespread use, creating a situation that sometimes required the 
vapor barrier to be on the opposite side of the insulation (Fig. 2.9b). In some 
designs, the cooling-cycle barrier may prove unnecessary. 

DIFFERENTIAL IN PRESSURES 

There is reason to believe that at least part of the condensation problem 
results from water on the outside surface being forced through the wall by 
a differential of pressures between the exterior and interior. This occurs 
quite frequently when the interior pressure becomes lower than the exterior 
pressure. However, if the wall can be made air- and dust-tight, yet vapor- *'') 
permeable and at the same time vented to the outside, any water that enters > 
will run back out in a path controlled by the design. If small vents to the in- / 
side are included, pressures on that side may also equate themselves. _] 


WEEP HOLES AND VENTING 

Water that has entered the wall by condensation or by the action of rain¬ 
carrying wind must be carried off by mechanical provisions within the wall 
structure. 

Having entered the wall, the water will be prevented from entering the 
interior of the building by the vapor barrier. Provision must be made for al¬ 
lowing the water to return to the atmosphere. In most curtain wall designs 
this provision consists of openings or weep holes in the base of the unit. 

Weep holes have caused untold trouble in many walls. They must be 
placed at frequent intervals and made just large enough to resist clogging 
from the action of grime and dust. If they are made too large or too numer¬ 
ous, they may allow blowing rains to enter and additional moisture to be 
forced in by a differential of pressures. Baffles and circuitous routes may be 
used to obstruct the passage of the moisture. 

THROUGH METAL 

Metal connections that extend from the exterior face of the wall to the in¬ 
terior of the building ( through metal”) sometimes create condensation prob- 
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lems. A good heat conductor, the metal loses heat faster than the surround¬ 
ing wall in cold weather and therefore is liable to a temperature drop below 
the dew point of the air. If metal is buried within the wall, water may be 
released from the air behind the vapor barrier, creating a serious condensa¬ 
tion problem in the wall. If the metal is exposed on the interior face of the 
wall, condensed water will be released into the room. 


PROVISION FOR LIGHT AND VIEW 

The window of the contemporary curtain wall poses some of the major 
problems of this new type of construction. The window has always been a 
source of trouble to the designer using masonry or other walls. The curtain 
wall user has inherited all, or nearly all, the existing headaches and is con¬ 
fronted with a whole battery of new ones. 

The almost universal predilection for using large areas of glass in today’s 
buildings has resulted in the development of many new types of fenestra¬ 
tion. Double-hung and casement windows have been displaced in many in¬ 
stances by the newer awning, horizontal sliding, and pivoted types, and to 
a very large extent by fixed glass. The all-glass wall, just about the ultimate 
in an open wall, is now an accepted part of the urban scene. In this type of 
wall, the traditional functions of glass—providing view and light (and, usu¬ 
ally, ventilation and cooling) while protecting the building inhabitants from 
weather—have been extended to include still another job, that of forming a 
spandrel below the operating sash. In such installations the glass assumes 
the function ordinarily performed by masonry in the past and by metal in 
many other curtain walls. 

New uses for glass and its inclusion in new wall schemes have resulted in 
a continuing improvement of glass products and the introduction of many 
new ones. The advent of new types of fenestration and glazing has been 
accompanied by a re-examination of the functions of windows and a great 
deal of study of old problems as well as new. 

Another important trend points toward the diminution of the size of win¬ 
dows and sometimes leads to the logical conclusion, the windowless wall. 
Whereas the all-glass wall is found most often in an office building, the no¬ 
glass type has usually been an industrial application (notably in the window- 
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Windowless All window Compromise 

AIR-CONDITIONED BUILDINGS 


F= 


Operating sash Fixed sash and louvers 

NON-AIR-CONDITIONED BUILDINGS 


Fig. 2.10 Choice of fenestration 


less factories of World War II). Undoubtedly, architects will continue to 
design some of these extreme types of buildings, but the vast majority of 
their creations will be compromises of the two extremes (Fig. 2.10). 

A classification of the types of curtain walls according to the manner in 
which they use glass might be made as follows: 

b Traditional wall Fenestration and glass above spandrel of masonry, 
metal, or other materials 

a. Sash with all fixed glass 

b. Sash with some fixed, some operating glass 

c. Sash with all operating glass 

2. All-glass wall—May be all transparent, or transparent above spandrel 
of opaque or translucent glass 

a. Sash with all fixed glass 

b. Sash with some fixed glass 

3. Windowless wall 
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TRADITIONAL WALL 

The usual manner of placing windows in a curtain wall is with a sash 
within the wall unit over the spandrel cover. The first problem encountered 
is that of waterproofing the joints. The treatment of the joint between the 
sash and the wall unit structure is usually made easier by the fact that the 
metal window will be installed in a metal wall structure. Thus, the mastic or 
gasket employed will not have to be capable of providing weatherproofing 
between unlike materials. In many designs, provision is made for the win¬ 
dow to become an integral part of the entire unit, eliminating this joint en¬ 
tirely. This feature is highly desirable in metal curtain walls. 

Weatherstripping of the operating section of the window remains a prob¬ 
lem, as it is in any wall. The trend in larger buildings today continues to be 
toward either fixed windows that entirely eliminate the need for weather¬ 
stripping or toward semi-fixed windows that remain closed except when 
being cleaned. Various types of gaskets (usually of vinyl or neoprene) are 
used for the weatherstripping of these windows. A very elaborate provision 
for insuring a tight seal when the windows are closed was provided for the 
Alcoa Building in Pittsburgh. It consists of an inflatable gasket, which is 
filled with air by the maintenance crew after cleaning the window (see Chap. 
3, Fig. 3.14). When the time comes for the next cleaning, the gasket is de¬ 
flated, and the window may be opened with a special key. 

Performance standards for windows have been established by the Alumi¬ 
num Window Manufacturers Association. Specific physical requirements 
are given for windows, from which the characteristics of a particular product 
may be determined by standard tests (conducted for the most part by inde¬ 
pendent laboratories). An important test is the air infiltration resistance test. 
Infiltration is measured in cubic feet per minute per linear foot of joint when 
the window is subjected to a static air pressure equal to that of a 25-mph 
wind, and the window is adjusted for normal operation. The results of tests 
on various windows are available to the architect from the suppliers. From 
these data, a window may be selected that will meet or exceed the infiltra¬ 
tion resistance required by the architect for a specific building. 

Criteria for weatherstripping . Weatherstripping should meet the fol¬ 
lowing criteria: 

1. Resist infiltration, by test, to an extent that meets or exceeds require¬ 
ments for job 
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2. Withstand weathering 

3. Resist corrosion and galvanic action 

4. Possess long life 

5. Adequately protect against dirt and other foreign matter 

6. Be easily replaceable 

7. Retain resiliency 

8. Be economically feasible. 


ALL-GLASS WALL 

The wall of glass presents problems similar to those posed by the more 
tiaditional type. If the glass is fixed, the weatherproofing is easier, because 
fixed glazing may be installed permanently and weatherstripping is thereby 
eliminated. As in the usual type of wall, this creates a problem in window 
cleaning, which must be accomplished from the outside with special ma¬ 
chinery. If operating sash are employed, the problems are also akin to those 
of the ordinary wall. The only major difference between this type of wall 
and the glass-and-metal wall lies in the use of glass rather than metal or 
other mateiials for the spandrel covers. The weatherproofing of a glass span¬ 
drel cover is similar to the glazing of fixed sash and is accomplished in the 
same or similar ways. Actually, glass used as a spandrel is no longer glazing 
in the usual sense and must meet the same criteria as facings of other types. 
Accordingly, glass for this purpose will be discussed in Chap. 3 and 6. 

WINOOWLESS WAIL 

The trend today toward a controlled building environment—utilizing ar¬ 
tificial lighting, ventilation, heating, and cooling-led to the windowless 
factory of World War II. This approach to design has since been used to 
some extent in other types of buildings. The lone surviving function of the 
window, that of providing a view for the occupants, is thus sacrificed to 
mechanical efficiency. As heat loss and gain through glass are high, a build¬ 
ing can be very efficiently insulated and weatherproofed with a windowless 
curtain wall. This wall is ordinarily simpler in detail and less costly to build 

than any other. Furthermore, operating costs of mechanical equipment are 
lower. 

Research and development gains made by glass manufacturers in recent 
years have partially overcome many disadvantages of the window, through 
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the development of multiple glazing, heat-absorbing glass, and other inno¬ 
vations. Solar controls have made the window less costly in operation. Fur¬ 
thermore, the windowless wall presents problems of its own, one of which 
is the emotional and mental health of the occupants. Psychologically, the 
building of a cave above ground seems more suitable to Neanderthal man 
than to the sun-seeking man of today. Serious personnel problems can result 
from the elimination of any possibility for the worker to escape, at least in 
spirit, from his hive. 

Of course, it can be argued that in many existing buildings only a few of 
the occupants enjoy this advantage. Those occupying interior space are 
often as completely cut off from the outside world as they would be in a 
windowless building. However, to most architects today, cognizant as they 
are of the spiritual and psychological advantages of a glimpse of sky and the 
outside world, the windowless building is anathema. Perhaps greater atten¬ 
tion given in the planning stage to the division of interior space would bring 
the advantages of windows to more of the occupants. 

Another very serious problem in the windowless building is fire protection. 
In a fire, windows can provide means of rescue; permit smoke and vapors to 
vent to the outside; permit early discovery; allow fresh air for breathing to 
reach occupants; provide vantage points for firefighting attack; and allow 
heat to be dissipated more rapidly, often preventing consumption of the 
structure. Finally, windowless walls endanger the lives of firemen. 1 

Mechanical equipment should be provided in windowless buildings to re¬ 
move smoke and toxic gases and to exhaust them away from exits. Usually, 
this equipment should operate automatically. 


MISCELLANEOUS WINDOW PROBLEMS 

The strength of the window section, the required amount of corrosion re¬ 
sistance, the procedures of fabrication and erection are other important win¬ 
dow problems. Such problems are often the same in curtain walls as in other 
types of construction. But new difficulties are sometimes encountered that 
require a study of the window as a component of the entire wall. The win¬ 
dow must then be considered as only one part of an over-all scheme and 
studied in relation to all other components. Such problems are discussed in 
Chap. 9. 


1 See “Fire Hazards of Windowless Buildings,” the report of the AIA Committee on Human 
Safety, also issued as Special Bulletin 246 of the National Board of Fire Underwriters. 
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OTHER FUNCTIONS 


In addition to the basic problems of providing protection from weather, 
safety from fire, control of condensation, and light and view for the occu¬ 
pants, many other details of construction must be considered by the curtain 
wall designer. Problems that often prove troublesome are the following: 


1. Building expansion and contraction (Fig. 2.11) 

2. Extraordinary stresses (earthquakes, hurricanes) 

3. Correct detailing 

4. Inflexibility of units and materials 

5. Lack of coordinated units 

6. Need for complete line of small fittings, anchors, and similar hardware 

7. Wiring and mechanical ductwork 

8. Sound transmission 

9. Expansion and contraction of facings (Fig. 2.12) 

10. Fragility of facings (transportation, erection, ordinary usage, vandal- 


11. Delamination of facing from core materials 

12. Waviness and warping in sheet materials (ordinarily caused by proc¬ 
essing methods or temperature changes) 

13. Replacement problems (delays, difficulty of repair) 

14. High insurance rates 

15. Divided responsibility among subcontractors 

16. Esthetic appearance 

17. Client conservatism and conventionalism __ 


/ 0 . 


The problems listed here are serious, and a correctly functioning wall 
must provide the answers to most or all of them. Most of the items were 
named by the architects who participated in the survey on Exterior Metal 
Building Panels conducted in 1954 and 1955 by the Department of Educa¬ 
tion and Research of the American Institute of Architects. The Building Re¬ 
search Advisory Board (BRAB) Survey of Metal Curtain Walls, conducted 
about the same time, sampled opinions of the contractors and owners of 
639 buildings with metal curtain walls. In essence, the BRAB poll indicated 
that the items listed as problems by the architects have actually been prob¬ 
lems in the field. However, both surveys reveal tremendous interest in this 
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type of construction; evidently, a high percentage of architects, owners, and 
contractors believe the contemporary curtain wall to be a desirable and 
functional answer to their requirements. Although the reported percentage 
of buildings having flaws in wall design is small, the survey indicates plainly 
that all the problems are not being solved all the time. 

The widespread use of the walls indicates that there must be a growing 
number of architects who are willing to attempt new solutions, of owners 
who are permitting modern curtains for their buildings, and of fabricators 
and contractors who will tackle any job given them. As reported in the AIA 
survey and elsewhere, the big deterrent to the use of the contemporary 
walls is not performance, but cost. Almost one-half of the AIA reportees who 
had not used metal curtain walls gave this as their reason. Many of these, 
however, had used similar systems with facings of asbestos-cement board or 
other materials. At present, it is difficult if not impossible to achieve low 
cost in walls of quality construction, particularly if savings in such items as 
primary structure and foundations are ignored. 

Another facet of the AIA survey was its tabulation of the reasons ad¬ 
vanced by non-users for avoiding metal walls. Whereas cost considerations 
accounted for 44.8 per cent of the total, esthetic considerations were cited 
by 19.1 per cent, code restrictions by 18.3 per cent, and technical reasons 
by the remaining 17.8 per cent. It would seem that most of these architects 
will (or at least may) use curtain walls soon, since all of their objections can 
be rebutted now or in the foreseeable future, with the single exception of 
esthetic ones. No design appears pleasing to everyone, and architects are 
notably among those hardest to satisfy. The challenge of doing something 
good with the new walls, however, combined with client demand, will un¬ 
doubtedly win over some of those still holding back. Cost will decrease as 
production and use grow. Code restrictions are steadily being revised. Tech¬ 
nical bugs are being worked out. 

The fact is that all the problems discussed are very much with us today. 
No attempt to minimize them is justified. They are important and they are 
serious. But they can and must be solved. 




CHAPTER 3 


The Elements 


Many types of curtain walls exist at present, and there is continuing de¬ 
velopment of new types as well as improvement of the old. Before we con¬ 
sider the elements that comprise a complete wall, the materials from which it 
is constructed, its manufacture, assembly, erection, and related matters, let us 
examine the ways in which architects and clients are now using the wall. 

Two main types are in fashion today: 

1. The smooth two-dimensional or planar facade, virtually unbroken by 
projections of any kind, as represented in the walls of the UN Secretariat 
Building (Fig. 3.1), by the United Nations Planning Staff (Wallace K. Har¬ 
rison, Director), and of Lever House, by Skidmore, Owings & Merrill (see 
Fig. 3.15). 

2. The three-dimensional or sculptural facade with sunshades or other 
projections and recessions, such as Niemeyer’s Ministry of Education Build¬ 
ing in Rio de Janeiro or the Pan American Life Insurance Building in New 
Orleans (Fig. 3.2) by Skidmore, Owings & Merrill, and Claude Hooton. 

Another classification of facades might be as follows: 

1. Those in which the structure is clearly expressed, for example, Mies 
Van der Rohe’s Esplanade Apartments in Chicago (Fig. 3.3). 
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Fig. 3.3 Commonwealth Promenade, Chicago, III. 


2. Those in which structural expression is not a primary design motive 
or is more subtly expressed, as in the Alcoa Building in Pittsburgh (Fig. 3.4; 
see also Fig. 3.14). 

For buildings in which the structure is clearly expressed, several methods 
of treatment are possible (Fig. 3.5). They can be classified by their dominant 
design motive: 


















Fig. 3.4 Aluminum curtain wall (Alcoa Building / Pittsburgh, Pa.) 
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Fig. 3.5 The facade: Structure clearly expressed 
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1. Vertical lines (columns) dominant (Fig. 3.6) 

2. Horizontal lines (spandrel beams) dominant (Fig. 3.7) 

3. Grid pattern—Columns and spandrel beams of pronounced and ap¬ 
proximately equal importance (Fig. 3.8). 



Fig. 3.6 Porcelain enamel and aluminum curtain wall (Ford Central Staff Building, Dearborn, Mich.) 


When the structure is only subtly expressed (Fig. 3.9), the possibilities 
include: 

1. Vertical lines emphasized (Fig. 3.10) 

2. Horizontal lines emphasized (Fig. 3.11) 

3. Horizontal and vertical lines of approximately equal definition (Fig. 
3.12). 
















1. 3 . — v.ui uon s.ee, curtain wall (Lamar College dormitory, Beaumont, Tex.) 
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Fig. 3.9 The facade: Structure not clearly expressed 




















































































Fig. 3.12 Porcelain enamel and aluminum curtain wall (Meramec Building, Clayton, Mo.) 
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Another system of classification is in accordance with methods of assembly: 

1. Spandrel unit, hung on spandrel beam, independent from window unit 

2. Spandrel and window unit combined, spanning from floor to floor (pos¬ 
sibly between two or more stories) 

3. Spandrel unit, spanning from column to column, independent of win¬ 
dow unit 

4. Column and spandrel beam covers only 

5. Closed wall panels (no windows) spanning from floor to floor (also two 
or more stories) 

6. Unit walls, assembled at will from solid panels, windows, louvers, solar 
devices, and the like (Fig. 3.13). 


THE FRAME 

Curtain walls of all the types classified above are in use at present. Tech¬ 
nically, curtain walls may be also classified by their structural makeup, 
based on the types of frames utilized to carry the loads: 

1. Frame integral with facing 

2. Frame with inserted facing 

3. Frame with facing applied outside 

4. Frame with facing applied inside. 

The frames are usually constructed of stainless steel or aluminum, when 
exposed, although bronze, brass, copper, and other materials may be used. 
When the frame is completely enclosed within the wall, it is often con¬ 
structed of carbon steel. 

FRAME INTEGRAL WITH FACING 

When the frame is integral with the facing (Fig. 3.14), the wind and other 
loads to be resisted are taken by the complete wall. No frame in the ordinary 
sense exists, since each wall unit is generally welded into a complete subas¬ 
sembly causing the entire unit to work together. Stainless walls of this type 
have been used in the Socony-Mobil Building in New York; aluminum walls 
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are in place in several installations, notably in the Alcoa Building, Pitts¬ 
burgh (see Fig. 3.4). So far, these walls have been used only for custom- 
designed applications. They will probably continue to be used in that man¬ 
ner, because they are costly. They are also flexible, the designer being free 
from the restrictions of standard sizes and patterns. When the time and 
money are available for design and testing, the use of these custom walls 





Fig. 3.13 Curtain wall assembly types 

a. Spandrel unit hung on spandrel beam 

b. Spandrel and window combination spanning from floor to floor 

c. Spandrel unit spanning from column to column 

d. Spandrel and column covers only 

e. Closed wall panels spanning from floor to floor 

f. Unit wall 
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can be justified. The original die costs for such a wall are high, ordinarily 
limiting its installation to large and costly buildings. The dies cannot be 
used a second time, unless the pattern and form developed can be repeated 
in another project at a later date. This has been done, but in general the 
results have not justified it. 

FRAME WITH INSERTED FACING 

The wall with a frame and inserted facing has had more applications in 
recent years than any other (Fig. 3.15). The frame is made up of stainless 
steel or aluminum with panels of stainless, porcelain enamel, aluminum, 
stone, terra cotta, glass, or any of a variety of other materials inserted into 
it. The fenestration is generally inserted into the frame but sometimes may 
be formed into it. Carbon steel is sometimes used for the frame, but cannot 
be recommended, except for minimum cost projects. Other metals such as 
bronze or copper might be used. Less expensive than type No. 1 above, this 
wall lends itself especially to projects in which more or less standard units 
may be used. Flexibility is gained through the wide choice of materials avail¬ 
able for infilling, ranging in cost from low for asbestos-cement panels to 
high for stainless or porcelain-on-aluminum panels. This is the type of wall 
used recently in most of the highly publicized porcelain enamel installations 
and in the all-glass walls (Fig. 2.1). 
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Fig. 3.15 United Nations Secretariat Building, New York, N.Y., sections 



FRAME WITH FACING APPLIED OUTSIDE 

A frame with the facing applied outside (Fig. 3.16 and 3.17) was a com¬ 
mon technique in the early curtain wall. It lends itself to various visual ef¬ 
fects, can be finished with most materials, can be waterproofed effectively, 
is extremely flexible in its detailing, and may be less costly than other types. 


Ng. J.16 Concrete curtain wall (Baldwin Building, Miami, Fla. 
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However, this wall usually results in a greater over-all thickness than the 
others, with resulting loss in usable floor space in the building. It is not so 
readily adaptable to modern production methods for manufacture and as¬ 
sembly as are some others. 


FRAME WITH FACING APPLIED INSIDE 

One of the newest types of walls, the frame with facing applied inside, is 
used in Skidmore, Owings & Merrill’s Inland Steel Building (Fig. 3.18 and 
3.19) in Chicago. In this building, the framing for the curtain wall, although 
similar to that just mentioned, is placed outside instead of inside the window 
and panel units. Some advantages accrue from this method, not the least of 
them being the possibility of obtaining a smooth wall face within the build¬ 
ing. 


THE FACING (INFILLING) 


The element of the curtain wall that has probably changed the most in 
the last few years is the facing or covering. A few years ago, most buildings 
were faced with stone if the budget permitted; otherwise, brick or terra 
cotta was used. At present there is a great variety of materials available for 
the facing. The number of these materials increases almost daily, and their 


V/j in. 6 in. 










































manner of use is changing rapidly. Many untried opportunities await only 
the ingenuity of the designer. Facings of several different materials are 
shown in Fig. 3.20 through 3.28. 

The most spectacular recent uses of materials for wall facings have been 
in the field of the metals, particularly in stainless steel, aluminum, and porce- 


Fig. 3.18 Glass and stainless curtain wall (Inland 
Steel Co. Building, Chicago, III.) 


Double glazing 


302 stainless 
steel frame 


Guide slot for 
window washer 


Inches 


Fig. 3.19 Inland Steel Co. Building, horizontal section 































































Fig. 3.20 Rigidized aluminum curtain wall panels (South 
Junior High School, Baldwin Township, Pa.) 


Fig. 3.21 Bronze curtain wall panels (Seagram Building, New York, N.Y.) 


Fig. 3.22 Glass curtain wall panels (General 
Fireproofing Co. Building, Cleveland, Ohio) 
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lain enamel on steel. The large amount of publicity given the all-aluminum 
facade of the Alcoa Office Building and its successors in New York and else¬ 
where focused national attention on the curtain wall. The use of stainless 
spandrels on the 525 Wm. Penn Place Building—the home office of the 
U.S. Steel Company—and the use of a stainless curtain on the Gateway 
Center group of buildings gave impetus to the development of stainless 
walls, which might be said to have started with the Chrysler Building in 
1929-1930 and the subsequent cladding of the Empire State Building tower. 
The large quantity of porcelain enamel on steel set in aluminum frames 
utilized by Eero Saarinen for the General Motors Technical Center in De¬ 
troit excited the interest of architects in this material. 



Fig. 3.23 Formed, color-anodized aluminum panels (Alcoa 
Sales Office Building, Cincinnati, Ohio) 


Fig. 3.24 Formed stainless panels (Federal 
Reserve Bank, Minneapolis, Minn.) 


Although most of the early publicity had gone to the thin metal curtain 
wall, other, more traditional materials were being used in the new manner 
on many projects. These older materials were inserted into frames or hung 
to the spandrel beams of buildings in thin, lightweight panels, Actually, 
some of the first major uses of the contemporary curtain wall did not involve 

















































Fig. 3.25 Concrete wall panels (Grumman Aircraft Co., Calverton, N.Y.) 



Fig. 3.26 Limestone panels (Properties and Supply Building, Harrisburg, Pa.) 
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Fig. 3.27 Ceramic veneer curtain wall (Methodist Hospital, Arcadia, Calif.) 


the use of metals for the facing at all. Notable instances were the General 
Petroleum Building in Los Angeles, with a wall of terra cotta, and the Fed- 
eial Reserve Bank annex in Detroit, faced with a curtain of Georgia marble. 

Nevertheless, some of those involved in the promotion and sales of the 
older materials have been content to scoff at the whole new field, whereas 
others have gone ahead with experiments and development work aimed at 
adapting their materials to the new walls. Today the designer can choose 
curtain walls of thin concrete (several types), terra cotta, marble, limestone, 
granite, and other materials. He can use asbestos-cement board. He can use 
glass (some new types have been especially designed for this kind of con¬ 
struction). In metal, a great number of special treatments are available- 
including color, forming, embossing, and extruding-with more to come. 


FACING DESIGN 

In the design of the wall facing, the basic decisions made will necessarily 
involve consideration of the frame. Some of the facings available today are 
capable of being formed into a wall in which the facing and its frame act 
together structurally. This is possible with both aluminum and stainless, and 
also with reinforced concrete. With other materials, such as granite, marble, 
and (to a laige extent thus far) porcelain enamel, it has been necessary to 


_ 
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Fig. 3.28 Ceramic-tile faced panels (Milwaukee Country Day School, Milwaukee, Wis.) 


siipport the wall in a framework of some other material, because the facing 
acts only as an infilling, transferring any forces applied to it directly into 
the frame in which it rests. 


CRITERIA FOR FACINGS 

Four major considerations must be made before the facing can be chosen 
for a particular installation: 


1. Frame-What type of frame will fulfill the desires of the designer and 
fit his budget? What type of facing may be used with this frame? 

2. Appearance-What is required of the facing in terms of color, finish, 
pattern, and the like? 

3. Performance—What weathering qualities—in particular, how much re¬ 
sistance to corrosion and discoloration—are to be required for the project? 
Which material or materials meet these requirements or exceed them? Can 
an efficient joint be designed using a particular facing material with a par¬ 
ticular frame? Can the facing be erected without damage? Is routine re¬ 
placement possible if necessary? 
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4. Cost—What is the first cost of the material and its frame, including the 
costs of handling, transportation, and erection? What is the probable cost 
for maintenance? 

Table 3.1 is presented to give the designer a quick reference for prelimi¬ 
nary selection of facing materials that meet his requirements and the elim¬ 
ination of those that do not. For a more extensive discussion of each of the 
materials, see Chap. 4 through Chap. 8. 


THE INSULATION (CORE) 

The variety of insulation now on the market or in the development stage 
provides the curtain wall designer with many alternatives. Materials may be 
poured or foamed in place, made to adhere to panel faces, clipped in place, 
or otherwise secured. The task of selection must therefore rely on the prior 
establishment of desirable criteria. 

CRITERIA 

Setting up criteria for the selection of insulation or core material for a 
particular design generally begins with the determination of the over-all U 
value desired. From the assumption of U value-based on heating and cool¬ 
ing requirements, including economic factors—the required k value for the 
core can be determined. 

The major points to be considered in selecting material for a typical instal¬ 
lation are the following: 

1. Thermal conductivity—What is the k factor required? 

2. Rigidity and dimensional stability-Is the core to be simply a fill or 
will it be partially structural and loadbearing? 

3. Size—What are the width, height, and thickness requirements? 

4. Weight—What are the weight requirements considering the over-all 
design of the wall and the building itself? 

5. Combustibility—What are the fire protection requirements for the wall? 

6. Moisture resistance—For the expected water and water-vapor penetra¬ 
tion, what qualities of moisture resistance will be necessary? 








TABLE 3.1 PRELIMINARY SELECTION OF THE FACING 
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7. Condensation -U value required to prevent or limit condensation on 
warm surface (Fig. 3.29). 

8. Cost-What is the budget? What effect does the cost of the insulating 
mateiial have on the cost of the wall and of the entire project? 

Careful consideration of the eight points listed should insure selection of 
the material that will perform in the best over-all manner. 

In studies conducted by the School of Architecture of Princeton Univer¬ 
sity for the Committee of Stainless Steel producers of American Iron and 
Steel Institute, the following characteristics were established as criteria for 
the ideal insulating material: 1 


1. Low heat transmission (k = 0.25 Btu) 

2. Light weight (10 lb per cu ft or less) 

3. Large size (20-30 sq ft) 

4. Rigid (for use as core material in sandwich panels) 

5. Fire resistant (capable of 1-hr rating for 2 in. thickness) 

6. Waterproof 

7. Vaporproof 

8. Noncorroding 

9. Inexpensive (in range of 10fS per sq ft, 1 in. thick) 

As these requirements represent an ideal perhaps not obtainable in actual 
practice, compromise may be necessary. Requirements vary between jobs; 
each problem must be solved individually, according to the character of the 
building. Table 3.2 has been included to aid in the selection of insulating 
or core material. (For insulating qualities of backup fireproofing materials 
see Table 3.7.) 

To determine the U value of a typical curtain wall unit, multiply each of 

the following quantities by the area of material (in square feet), and add 
the products: 


1. U value of entire spandrel panel including any air space (Table 3.2) 

2. U value of glazing (Table 3.3) 

3. U value of through metal (k factors: Steel, 314; Aluminum, 1,400) 


afr Prw I? r> jo« Ha " c ° ck , “The Design of Stainless Steel Curtain Walls,” Architectural 
1 ecord, October 1955, p. 245. Data also published by American Iron and Steel Institute, June 







Relative humidity, per cent 



Fig. 3.29 U values for the prevention of condensation 


To determine U value required for prevention of condensation on warm side 
surface, see solution on chart for the following sample conditions: Room 
temperature of 74° F; difference between room temperature and outdoor 
temperature of 40° F; relative humidity of 80 per cent (U required — 0.28) 
Chart based on mean temperature of 50°F still air inside and 15-mph wind 
outside. ^ 





















































































TABLE 3.2 CHARACTERISTICS OF MAJOR TYPES OF INSULATION AND CORES 
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TABLE 3.3 INSULATING QUALITIES OF GLASS PRODUCTS 


Product 

Approximate U value 

Window glass 

1.14 

Plate glass (34-in.) 

1.12 

Heat-absorbing glass (%-in.) 

Double glazing 

0.85 

34-in. plate, %-in. air space 

0.61 

34-in. plate, 34"in. air space 

Triple glazing 

0.50 

34-in. plate, two %-in. air spaces 

0.40 

34-in. plate, two 34‘in. air spaces 

0.34 

Glass block 

0.54 average 

Darkened glass (% 2 -in.) 

0.79 

Spandrel and structural glass (%-in.) 

Approximately same 
as 34“in. plate 


Then consider: 

1. Thermal lag, or time required for wall unit to respond to temperature 
changes, based on heat capacity of materials (masonry has high capacity; 
metal walls, low capacity). Low capacity will mean that air conditioning or 
heating turned on in the morning will take longer to cool or heat the interior 
of the building, since the mechanical equipment receives little or no help 
from the walls. 

2. Radiation of heat to interior by heat-absorbing glass. 

3. Reflective or absorptive qualities of the surfaces of the wall. 

The most practical and accurate method of determining the U value of a 
curtain wall unit is by testing the entire assembly under rigidly controlled 
conditions. 


VAPOR BARRIERS 

The generally accepted method of controlling condensation in today’s 
curtain wall makes use of a vapor-impervious barrier as an integral part of 
the wall. This barrier must be continuous, with no breaks in its surface. 
Efficient and workmanlike installation will assure a complete seal, assuming 
that the type and details of the barrier are given thoughtful consideration 
by the designer and are based on adequate data, criteria, and testing. Ordi¬ 
narily, the vapor seal will also be expected to prevent rain penetration. In 
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curtain walls utilizing insulation, as most do today, the vapor barrier and 
insulation must be considered jointly. Insulation is often furnished with the 
vapor barrier attached. 

The effectiveness of vapor seals is expressed by their vapor permeability 
rate, a factor measuring the number of grains of vapor allowed to pass 
thiough one square foot of the material per hour per inch of mercury pres¬ 
sure difference between the surfaces. For example, the rate of %-in. gypsum 
board is 34.4 and that of 15-lb asphalt roofing felt, 6.62. To be accepted as 
an adequate vapor barrier, a material should have a vapor permeability rate 
of no more than 1.25. This restriction virtually narrows the field to certain 
paints or other coatings and such sheet materials as aluminum foil, treated 
papers, and some plastics (Table 3.4). 

To be effective, the vapor seal must be placed on the warm side of the 
insulation, because the vapor pressure will be higher there and the flow 
will come from that side. In a heated building the barrier would thus be 
placed on the interior side of the insulation; in an air-conditioned one, on 
the exterior side. For the contemporary air-conditioned and heated building. 


TABLE 3.4 VAPOR 

PERMEABILITY RATES OF VARIOUS MATERIALS 

(Meeting requirements of 1.25 maximum) 

Material 

Remarks 

Rate 1 

SHEET MATERIALS 

Aluminum foil 

Double-faced 

0.085-0.129 

Duplex paper 

Laminated with continuous layer of asphalt 



between two layers of paper 

0.57 -0.98 

Duplex paper 

Same, reinforced 

0.44 -2.06 

Duplex paper 

One side metal-coated 

0.21 

Duplex paper 

Both sides metal-coated 

0.18 

Building paper 

Asphalt-impregnated 

0.185-2.06 

Polyethylene film 2 

Available 0.002-in. to 0.020-in. thick 

0.10 -1.17 

LIQUID MATERIALS 

Aluminum paint 

Two to three coats 

Depends on surface 

Asphalt paint 

Two coats 

Same 

Varnish 

Two to three coats 

Same 

Vinyl spray 

0.035-in. coating 

Same 


1 Number of grains of vapor that will pass through one square foot of material per hour per inch of 

mercury pressure difference between surfaces. 

- Seems to have excellent possibilities for vapor barrier use. It is lightweight, has a low permeability rate 
determined by the th.ckness used, is unaffected by alkalis and acids, is flexible, is relatively unaffected by 
humidity or extreme temperatures, and possesses long life characteristics. 






















THE ELEMENTS 


65 


the situation calls for the vapor barrier inside in winter and outside in sum¬ 
mer. Two methods now used to achieve this are: (1) Two layers of insulation 
with the vapor barrier sandwiched between, and (2) two vapor barriers with 
the insulation between (Fig. 3.30). In the former, one layer of insulation 
works with the barrier during cooling, and the other during heating. The 
second scheme requires less wall depth and ordinarily costs less than the 
first. Another advantage is its ability to keep the insulation dry, an impor¬ 
tant consideration in many installations. 

Major factors influencing the design of curtain walls for condensation 
control are the following: 


1. Vapor barrier—A reliable and effective type must be selected. In a 



Fig. 3.30 Single and double vapor barriers 


building that is only to be heated, it should be on the interior side of the 
insulation. In a building that is only to be cooled, it should be on the exterior 
side. In a building that is to be heated and cooled, it should be either be¬ 
tween two layers or on both sides of one layer of insulation. The design 
should provide for complete sealing of the wall by the vapor barrier. Pin¬ 
holes or breaks are not permissible. 

2. Water disposal—Adequate means must be provided for collecting any 
water within the panel and diverting it to weep holes or vents. Weep holes 
should be large enough to function correctly (% in. might be a minimum) 
but designed to prevent the entry of precipitation from outside the building 
(Fig. 3.31a). 

3. Venting—Venting is desirable at top and bottom on exterior and in- 
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Moisture 



CLOSED WALL 

b. 


Fig. 3.31 Open panels contrasted with closed panels 

terior for the equalizing of pressures within the panel and for the removal 

of water vapor by air flow between the exterior face of the panel and the 
vapor barrier. 


SEALED PANELS 


Some curtain wall systems now available use sealed panels. These cannot 
be vented and are therefore assumed to be watertight in themselves (Fig. 
3.31b). Moreover, the two faces themselves might be considered vapor bar¬ 
riers. The majority of such panels are fabricated by laminating various 
facings to cores of insulating or other materials. This process requires heat 
to apply the laminating adhesives. Theoretically, this heat dries the core. 
The tight seal then placed around the panel effectively prevents moisture 
from entering, but only so long as the seal remains perfect. The first break 
or pinhole will destroy its reliability and create the intolerable situation in 
which moisture can be introduced into the panel but cannot get back out 
except with extreme difficulty. Severe icing may thus occur inside and cause 



Fig. 3.32 Effects of temperature on sealed panels 
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delamination and buckling of the face. Inevitably, many types of insulation 
will have their k values reduced considerably or destroyed. Another possible 
disadvantage is an unsightly deformation of the facing caused by expansion 
and contraction of the air within the panel and of the panel material itself 
(Fig. 3.32). 


FENESTRATION 


The conventional window with the quadruple function of providing light, 
view, ventilation, and summer cooling, is on the way out. In today’s curtain 
wall, the widespread use of air conditioning has caused a revaluation of 
these functions (which many authorities had long advocated separating any¬ 
way). In the past each new design on the architect’s board called for new 
decisions on the role of the windows. The problem today is even more press¬ 
ing because the glazed portions of a wall are only part of a unit designed 
and fitted together in accordance with the latest technology. 

Fenestration may now be treated in several ways, most of them compro¬ 
mises that do not quite accept the reliability of artificial lighting, cooling, 
heating, and ventilation. The curtain wall is adaptable to any of the window 
solutions. But the simpler the fenestration, the easier the design of the wall 
system. 

Assuming that a building will be lighted, cooled, heated, and ventilated 
artificially, the only function left to fenestration is to provide a view. 
Standby or emergency systems serve as insurance against the failure of 
mechanical systems. Lighting costs are a factor, but studies show that most 
occupants switch on the lights regardless of natural lighting available. In 
such a building, the wall might well be windowless with no provision for a 
view (Fig. 3.33) or the wall might have fixed windows, the only function of 
which is to provide a view (Fig. 3.34). A psychological objection can be 
raised against both alternatives as some people would feel confined even by 
a nonoperable sash. 

Still, both types appear to have their place in the scheme of things. An 
examination of the advantages and disadvantages of each for the project at 
hand will enable a designer to make an intelligent choice. Of course, there 
are many buildings in which the window will be expected to provide ventila¬ 
tion, and the more traditional approach to fenestration must be taken. 








jm 




Fig. 3.35 Window cleaning platform 


Fig. 3.36 Pivoted aluminum windows (Alcoa 
Sales Office, Cincinnati, Ohio) 


Fig.3.33 The windowless wall (Republic National Fig. 3.34 Fixed windows (East Orange General 

Bank, Dallas, Tex.) Hospital, East Orange, N.J.) 
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FIXED WINDOWS FOR MULTI-STORY BUILDINGS 

Exterior cleaning, a problem with fixed windows in tall buildings, is cur¬ 
rently being solved by: 

1. Cleaning platforms lowered from the roof (Fig. 3.35) 

2. Sashes designed to be opened only by the window cleaners and other¬ 
wise kept locked (Fig. 3.36); these are often pivoted to revolve around a 
vertical or horizontal axis so that washing may be accomplished from the 
building interior. 

Appearance may have some bearing on the choice between these two 
systems. Thin lines of mullions and other members can be more readily 
obtained with permanently fixed windows. But the cost of machinery and 
cleaning platforms may offset any savings derived from the simplicity of 
detailing in the wall. A monumental massiveness ordinarily results from the 
use of the pivoted window. Cleaning from the inside can be accomplished 
easily and despite inclement weather, but the wall designed for platform 
cleaning has the advantage of allowing washing during the day without 
disturbance to the building occupants. A careful comparative study of the 
economics of the two systems as well as of their appearance and other de¬ 
sired features will determine which should be used for a specific project. 
If breezes must be allowed to enter because of mechanical failure, or if 
natural ventilation and cooling are stipulated, the designer must resort to 
the operating sash or to louvers or ventilators divorced from the sash. 


WINDOWS FOR SMALLER BUILDINGS 

The majority of office buildings now being constructed have artificial 
atmosphere and lighting, but these are not the only buildings in which 
modern curtain walls may be used to advantage. Scant attention is paid to 
the vastly larger field for the curtain wall in schools, shops, residences, and 
other buildings that are smaller and less spectacular than the multi-story 
giants. In these buildings, air conditioning is often not provided at the out¬ 
set. Natural lighting and ventilation are commonly required. Fixed glazing 
can provide the former. Housekeeping is easier than in multi-story buildings 
because the glass can be cleaned from the ground or from walkways, ramps, 
or overhang sun devices. This type of building also ordinarily requires 
fenestration for summer cooling. 
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Breezes may enter the building by means of any of numerous types of 
sash-pivoted, awning, casement, double-hung, and the like-but all the 
usual problems of weatherproofing inherent in sashes are intensified by the 
difficulty of fitting them into a complete curtain system. Sections of louvers 
under or over fixed glass have been widely used in frame walls. Some of the 
wood assemblies might be classified as frame curtain walls, because they 
are made up of louvers, fixed glass, facing, and frame in prefabricated units 
that are lifted into place to form a complete curtain. 

There is as yet no wall on the market made of thin, lightweight, noncom¬ 
bustible materials that provides for ventilation and summer cooling by 
means of louvers or other devices and also for a view and the passage of 
natural light by means of fixed glass. Numerous systems are available that 
are partial solutions for this type of project. Some are actual curtain walls 
for use in smaller skeleton-framed buildings; others are bearing walls similar 
in many respects to the curtain. To date, none can be used in a flexible 
enough manner to clothe small buildings efficiently and attractively. 


BEATING THE SUN 

The widespread use and high cost of air conditioning have intensified the 
search for methods of reducing cooling loads. Insulation has played its part 
and continues to do so, but an extensive use of glass limits its effectiveness 
severely. The expense of air conditioning has become one of the prime de¬ 
sign controls. The appearance of many buildings today partially stems from 
the need for providing an artificial climate that will keep original costs 
within bounds and allow for economical operation in the future. The prime 
consideration is the conditioning of air during the cooling season. 

Two important methods of control are in use today. One is based on ab¬ 
sorption or reflection of solar energy striking the wall; the other resorts to 
shading devices to prevent the energy from ever reaching the wall. 

For the closed (as apart from the glass) portion of the wall, a selection of 
surfaces with high reflective values may help. Unhappily, such surfaces 
tend to be unsightly and bothersome to those viewing the building from 
the outside. In the closed part of the wall, insulation may be used fairly 
successfully for heat absorption. However, the glass areas have been grow¬ 
ing so much larger and allow for the passage of so much heat that many 
designers maintain that the closed portion of such walls could be left un¬ 
insulated with only negligible heat gain. Various types of glazing that reduce 







heat gain by reflecting or absorbing solar energy are now being widely used, 
with varying degrees of effectiveness. 


THE CASE FOR THE SMALL WINDOW 

Another method of reducing heat gain calls for reconsideration of the win¬ 
dow itself. In controlled-atmosphere buildings, the functions of the window 
have often been narrowed to providing outlook or view alone. And studies 
of the amount of outlook necessary and desirable have led to the complete 
elimination of glass in the windowless wall. Less extreme solutions—more 
useful for the great majority of buildings—have provided smaller windows 
spaced at frequent intervals (Fig. 3.37). Such windows provide for view in 
a modest fashion. This trend, now in its infancy, may very well result in 
window strips with their base at desk-top level and their head just above 
standing eye level. Or rectangular windows of similar vertical dimensions 
may be used alternately with portions of closed wall. 

The actual use occupants make of glass in buildings is bluntly disclosed 
in a study made of the Gateway Center buildings in Pittsburgh. Sky glare 

















v 4 -in. plate glass 

Light transmitted 91% 
Heat transmitted 88% 


'/4-IN. heat-absorbing glass 

Light transmitted 75% 
Heat transmitted 66% 


DARKENED GLASS 

Light transmitted 12%% 
Heat transmitted 62% 



1 sheet—heat-absorbing 


9% 

33% Transmission 
1 sheet—ordinary plate 


24% Reradiation 
and convection 


13% Transmission 


MULTIPLE GLAZING 

Light transmitted 68% 
Heat transmitted 50% 


LIGHT-DIRECTING GLASS BLOCK 

Light transmitted 88% 
Heat transmitted 43% 


1 sheet—darkened plate 1 sheet—ordinary plate 


MULTIPLE GLAZING 

Light transmitted 11% 
Heat transmitted 37% 


Fig. 3.38 Heat absorption of glass products 


and direct sunlight, both highly disturbing to the occupants, are controlled 
by lowering Venetian blinds, thus effectively nullifying the function of over 
half the area of most windows. The practice of blocking off the glass area 
with curtains or Venetian blinds can be seen in buildings everywhere. 

Smaller windows, realistically planned, will considerably reduce air-con¬ 
ditioning equipment requirements and operation costs. Studying these 
possibilities will be highly rewarding to the designer. 


TYPES OF GLASS AVAILABLE 


In ordei to reduce heat gain through windows, special glazing of various 
types may be employed. (The heat-absorption properties of glass products 
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are compared in Fig. 3.38, Table 3.3, and Appendix B.) The major types of 
glass for providing light and view-the only functions glass can perform 
better than the metals, concrete, masonry, or other materials-are the fol¬ 
lowing: 

1. Regular glass The factors that recommend regular window or plate 
glass are their availability and comparatively low cost. They transmit ap¬ 
proximately 90 per cent of the usable light and heat. 

2. Heat-absorbing glass-Heat-absorbing glass transmits about 75 per 
cent of the light and about 75 per cent of the solar energy admitted by ordi¬ 
nary plate glass. It is especially valuable for air-conditioned buildings. The 
designer should allow for a fair amount of expansion and contraction in all 
three dimensions. 

3. Multiple-glazed glass—Double glazing of %-in. plate transmits approxi- 
mately 80 per cent of the light admitted by single-glazed plate and reduces 
heat loss by about 50 per cent. Its insulating qualities are good. Although it 
reduces heat loss in winter effectively, it is relatively ineffective against heat 
gain in summer. Double- and triple-glazed forms are available commercially. 

4. Darkened glass-Darkened glass may reduce the heat gain of plate 
glass by 30 per cent or more, while reducing light gain by as much as 87 per 
cent. It also reduces light contrast between outside and inside, while ab¬ 
sorbing solar radiation of all wavelengths. 

5. Gold-coated glass-Gold-coated glass has a thin, transparent coating of 
evaporated gold that reflects a large amount of solar radiation away from a 
building. When combined with heat-absorbing glass, it may reduce the heat 
gain of plate glass by as much as 50 per cent, while reducing light trans¬ 
mission by 66 per cent. 

6. Glass block—In its light-directing form, glass block allows light to 
enter, directs it first to the ceiling, then down indirectly. It obstructs view 
while admitting to the interior as little as 48 per cent as much heat as regular 
plate glass. 


Most of these types of glass are on the market now; the others will be in 
the near future. Many types may be combined in order to take advantage 
of their individual good features. It is possible, for example, to obtain heat¬ 
absorbing glass in double- or triple-glazed forms. A study of all available 
types of glass and their effects on heating and air-conditioning installation 
and operating costs will provide the architect with a logical basis of com¬ 
parison. Further study will take solar shielding devices into account. Solar 
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shading alone, special glazing alone, or combinations of the two will con¬ 
siderably reduce the amount of cooling equipment required and will con¬ 
tinue to pay large dividends by sharply reducing operating costs. 

Many of the windows listed in Table 3.5 make provision for multiple 
glazing. All of them have been used in complete curtain wall installations 
or are available for such use. Other types, not included, can be made to fit 
into certain wall systems. Perhaps new types will be developed to coordinate 
with the new curtain walls more efficiently. Certainly, the extreme simplicity 
possible in windowless walls, fixed window walls, and fixed window walls 
with ventilators is important enough to merit the designer’s attention. 


TABLE 3.5 MAJOR TYPES OF CURTAIN WALL 
FENESTRATION 


Types 


Materials 


Aluminum 

Bronze 

Carbon 

steel 

Stainless 

steel 

Fixed 

X 

X 

X 

X 

Projected 

X 

X 

X 

X 

Vertical pivoted 

X 

X 


X 

Hopper vent 

X 

X 

X 

X 

Casement 

X 

X 

X 

X 

Double hung 

X 

X 

X 

X 

Bar windows 

X 




Folding flue 

X 

X 


X 

Awning 

X 


X 


Horizontal sliding 

X 


X 



SOLAR CONTROLS 


Solar energy can be controlled not only by reflective and insulating walls 
and special glass but also by devices that prevent the sun from reaching the 
wall in the first place. It seems likely that the use of various sun shields will 
continue to spread. First advocated by Le Corbusier and brought into great 
prominence by Niemeyer (through the large amount of publicity given his 
Ministry of Health Building in Rio) brise-soleils were also used by William 
Lescaze and others before World War II. After the war, their use in the 
U.S. was at first concentrated in the South, where the problems of sun con¬ 
trol are more acute. Today, overhangs and fins are to be seen almost every¬ 
where. 
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Many of the forms parading as solar devices in the last few years have 
been relatively ineffective in reducing the solar load on the buildings they 
were supposed to protect. Inadequate data and unwieldy methods for study 
of the effects of the sun are partially to blame. Even so, the devices have 
added a new idiom to architecture. There is no longer any excuse for mis- 
usmg them. Devices for determining the sun’s effects are now on the market 
at a reasonable price. Simple to use, they make possible a quick and 
thorough study of any given design. And data on sun angles and climatolog- 
ical statistics are available for most areas. 

The design of sun shields is closely allied to the design of curtain walls. 
Vertical fins frequently serve as divisions between windows. Or the vertical 
members may be placed at junctions of adjacent wall assemblies. Horizontal 
devices may be either an attachment or an actual part of the wall. In other 
designs, they are part of the floor system projecting beyond the wall (for 
example, as a reinforced concrete cantilever). In such systems, the curtain 
wall must fit between adjacent cantilevers and necessarily must be coordi¬ 
nated with the basic form of the sun shade. Beginnings have been made 
toward curtain walls that allow the designer to select his wall and solar 
devices together, making each of these elements, already interdependent, 
fit into an over-all coordinated design system (Fig. 3.39 and 3.40). 

Considerable feeling exists that the use of sun shields to prevent the sun 
from reaching a building is a more logical and architecturally supportable 
procedure than that of absorption and reflection of the heat after it reaches 
the building. This thinking is sound as far as it goes, but it is not the only 
approach to the problem. Whether to attempt to control the sun at all, and 
if so how to control it, may only be decided after sufficient study of the 
particular aspects relating to the design at hand. A more open-minded and 
logical approach would be to consider all possible methods and select the 
one (or, more likely, a combination of several) that will accomplish the de¬ 
sired results within the budget. 


SUN-SHIELD THEORY 

The use of exterior sun devices is based on the premise that the place to 
stop solar heat is outside the building, thus passing it into the atmosphere, 
and that the best method of stopping solar heat is with devices that will 
obstruct it and at the same time admit daylight into the interior. To be effec¬ 
tive, shields should be designed in accordance with the sun angles to be 
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Fig. 3.39 Vertical sun shield, section (3325 Wilshire Building, Los Angeles, Calif.) 

expected on particular exposures during the seasons under consideration. 

The resulting solar devices must accomplish the desired results while con¬ 
tinuing to admit light and allowing for a view. Usually, the controls must be 
adjustable, because the sun problem on a particular face of the building will 
alter at different times during the control periods (Fig. 3.41). 

THE PROBLEMS 

The problems sun controls may be called upon to solve are the following: 
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1. Solar heat (cooling season)—Ideally, this means the exclusion of heat; 
practically, its minimization. 

2. Solar heat (heating season)-Solar heat should be allowed to enter the 
building. 

3. Glare—Glare should be minimized in all seasons. 

4. Natural lighting-Natural light should be allowed to enter the building. 

5. View-Outlook from glass areas should be possible. 

6. Appearance-Solar devices ordinarily become dominant parts of the 
building exterior. 
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11 A.M. 



SOUTH WALL SECTION 



Fig. 3.41 Effects of horizontal and vertical sun shields 

The solar controls must provide solutions to the above problems and at 
the same time allow the wall to function efficiently for condensation control, 
privacy when desired, ventilation if required, control of insects, protection 
against weather, and the like. Particular precautions must be taken that the 
devices obstruct neither natural light nor view. 


ADVANTAGES AND DISADVANTAGES 

The major practical advantage of sun-shielding devices is their reduction 
of the air-conditioning load of a building, thus achieving savings in the first 
cost of the equipment and continued savings in operating costs. It has been 
demonstrated that proper solar devices can reduce the cost of installation 
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of air-conditioning equipment by 15 per cent or more. The first cost of the 
shades will probably be less than the amount saved on the air-conditioning 
installation, if the shades are simply and efficiently detailed. Further, such 

shades can reduce the operating costs of air conditioning by 30 per cent 
or more. r 

Important disadvantages of sun shades are their first cost; their tendency 
to ice up on their exteriors and interiors, thus adding great weight to the 
building structure; and the fact that they add to maintenance and actually 
are very difficult to maintain on tall buildings. Often, solar shading may 
reduce the light levels within the building to amounts lower than might be 
desired. The most important disadvantage is that most solar devices-being 
fixed in one position-function efficiently only a few days each year, work 
with limited efficiency for a few weeks, and then for all practical purposes 
cease to function for the rest of the year. 


THE SOLUTIONS 

The types of exterior solar controls in general use are these: 

.J' ?r° ntaI ° VerliangS ( cano P ies or eyebrows)—Horizontal overhangs 
(big. 3.42) are most effective for southern exposures in the northern hemi¬ 
sphere. They are also of value for northern exposures in tropical latitudes. 

icy may be formed by extension of floors or be integral with or attached 
to a curtain wall. They may be solid or louvered, fixed or movable 

2. Vertical fins-Vertical fins (Fig. 3.43) are most effective for eastern and 
western exposures in middle and high latitudes of the northern hemisphere. 
They are of some value in late morning and early afternoon in lower lati¬ 
tudes. They may be solid or louvered, fixed or movable. More flexible con- 
trol is provided by movable types. 

3. Vertical controls-Placed outboard of the building parallel to the wall 
vertical controls (Fig. 3.44) may be effective for all orientations. 

The types named are extremely flexible. They may be combined in various 
ways, one of the most prevalent being an “egg crate” device, which combines 
horizontal and vertical shades into a single system. Better functioning types 
are continuously being developed. At present, two methods of providing 
solar control are available, raising the old question of choosing between 
custom and standardized design. For buildings in which cost must be kept 
to a minimum, a system of controls may be selected from standard com- 


. 











Fig. 3.42 Horizontal sun shields (3325 Wilshire Building) 





































Fig. 3.43 Vertical sun shields (3325 Wilshire Building) 


ponents offered by several manufacturers. For buildings in which the budget 
warrants original study and design of new solar devices, many manufL- 

lffiden7s aSS1S rT U eCtS " thG deveIo P men t of new and possibly more 
efficient sun controls. Figure 3.45 gives an example of the effectiveness of a 

gkzing 5 deV1Ce USe<1 m C ° n,UnCti0n With ordinar y P^te and with double 


INTERIOR SUN CONTROLS 


Vanous methods of controlling the sun after it enters a building are in 
use everywhere. In buildings in which exterior sun controls have been 
omitted or miscalculated, curtains, Venetian blinds, and shades are called 
upon to reduce the solar heat gain. These alternatives are of only limited 
effectiveness. Not a part of the curtain wall, they need be considered only 
when pockets or valences are required at the head of the wall. 

















Fig. 3.44 Sun shields parallel to wall and horizontal (Starkey House, Duluth, Minn.) 


THE JOINT 


Careful design is necessary for correct functioning of the joints in curtain 
walls. The varied, interdependent jobs required of joints have sometimes 
dictated compromises which, if not disastrous, have caused discomfort, 
added expense, and embarrassment to all concerned. Many designers have 
adopted as their first principle of joint design the objective of making leak¬ 
age impossible—and then of providing for removing the water that does leak 
in. Others have felt that an assumption of inevitable leakage necessitates an 
open joint, with the moisture controlled by a mechanical plumbing system. 



Fig. 3.45 Heat gain: Effectiveness of solar shading 
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CRITERIA FOR THE JOINT 

A good joint design must (1) prevent air and water leakage; (2) provide 
flexibility for large tolerances in building construction, for expansion and 
contraction due to temperature changes, and for removal of components; 
(3) control moisture by drainage and by ventilation; and (4) prevent through 
conductivity of metal. 1 It should also fulfill the fire requirements of the 

building codes, lend itself to simple fabrication, and contribute toward effi- 
cient erection. 


CURRENT WATERPROOFING METHODS 

Two methods of controlling the entry of water are in common use today. 
One consists of a design that allows water to enter and to be directed down 
by gravity to flashing, where it is dumped outside the building. The other 
is to consider the wall as a watertight construction, more or less hermet¬ 
ically sealed. In theory, the former method allows moisture to enter the wall 
and then controls its path; in the latter, the water is prevented from entering 
the wall. 


THE OPEN JOINT 

Joints controlling the path of moisture are to be found in two aluminum 
buildings in New York, at 99 Park Ave. and 460 Park Ave.; another example 
is in the Texas National Bank Building, Houston, Tex. (Fig. 3.46.) In the 
curtain wall schemes for these buildings, whole sections of the wall two 
stories high-including the windows and facing-were delivered to the job 
and erected intact. The vertical joints between the sections were formed so 
that blowing rain is directed against a series of formed baffles, which slow it 
down until it is pulled by gravity to the base of the unit. At the head of each 
unit, a formed shield projects up behind a continuous flashing strip sealed 
with mastic. The wall unit above projects down over the formed shield and 
the continuous flashing strip. In this manner, the walls are self-flashing at 
every other floor. 

Advantages of this type of joint are the relatively easy solution of expan¬ 
sion and contraction problems, flexibility of the connections between units, 
and fast, efficient erection. Offsetting these plus qualities are high cost (occa¬ 
sioned mainly by the special dies required), vulnerability to infiltration of 


1 From Curtain Walls of 
American Iron and Steel 


Stainless Steel. School of Architecture, Princeton University and 
Institute (1955). J ’ 
















VERTICAL SECTION 

Fig. 3.46 The open joint, sections (Texas National Bank, Houston, Tex.) 


weather, and, usually, through metal. The esthetic qualities achieved with 
such joints have also been questioned by some observers. However, they can 
be made part of an attractive design. The fault lies not in the joint but rather 
in the way it has been used. 

This method of controlling the penetration of water requires careful design 
and testing. There is reason to believe that rain is sometimes driven against 
a wall by winds and updrafts in an upward direction. When this happens, 
moisture could conceivably reach the interior of the building against the 
force of gravity. Pressure differentials outside and inside the wall may also 
tend to draw moisture into the wall. 1 

The open-joint wall is not available today as a mass-produced, stock item. 
But when a budget allows a fair degree of study by the architect in coopera¬ 
tion with the manufacturer, plus adequate testing of custom-designed wall 
units, joints of this type may be used to advantage. The development of 
standard walls using such a system is in the offing, and some manufacturers 
are considering developing open joints with highly flexible components 
capable of being combined in a wide variety of ways. 

THE CLOSED JOINT 

The closed-joint method of controlling water by excluding it from the wall 
(Fig. 3.47) has had much wider application than the open-joint design. It 
readily lends itself to the somewhat standardized units on the market today. 

1 For further discussion of these problems, see “Beating the Leaks in a Glass and Metal Wall 
like the UN's,” Architectural Forum , June 1951, p. 204. 
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The closed joint has come to be associated, to some extent, with walls that 
cost less per square foot in place than do custom systems with open joints. 
Their components lend themselves readily to mass production and flexibility 
of appearance. The parts of the wall may usually be combined in numerous 
ways and in various proportions. They provide a choice of finish, color, and 
texture, yet can be fabricated from standard dies. No other system at present 
so effectively provides for units to be ordered from stock like lumber. 

The closed-joint system also offers a partial solution to the problem of 
through conductivity of metal. Separation of the interior and exterior faces 
with materials that are good insulators can be readily accomplished. In the 
open-joint wall, the facing is ordinarily flanged on the sides. These flanges 
extend through the wall, allowing heat transfer through the metal to the 
inside of the building or vice versa. Erection is speeded up when most of the 
parts are preassembled, but the use of job-applied waterproofing gaskets or 
caulking may cancel the time saved. 

Assuming a standardized but flexible form, with most of the fabrication 
performed on the assembly line, a proven weathertight joint, and ease of 
erection, the closed-joint panel seems destined to be employed in a far 
greater number of buildings than the open-joint type. 



Fig. 3.47 The closed joint, sections 
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Many closed-wall units now being offered have been designed on the 
assumption that no matter how good the waterproofing, some water will 
enter. In these panels, theoretically watertight, there has been provided at 
the base some type of drip or weep hole. Another justification for weep holes 
or venting of the interior of the panels is the possibility of deformation of 
the faces of sealed panels when subjected to expansion and contraction. 
Also, it is very nearly impossible under ordinary assembly line conditions to 
seal a panel hermetically and cause it to stay sealed. Trapped water within 
a sealed panel condenses and may affect the insulation adversely. When the 
factory-applied seal is broken, even by pinholes, moisture may enter easily 
but cannot easily find its way out. This creates further destruction of the 
insulation and, sometimes, leaks inside the building. The weep holes may 
become clogged and lose their effectiveness. Blowing rains have been known 
to enter the building by being blown up through weep holes into the in¬ 
terior. As mentioned before, the use of baffles or circuitous travel routes can 
effectively prevent water from penetrating the wall to any great degree. 

Some walls now on the market employ the closed joint with sealed p'anels. 
These seem to have held up well in a number of applications, although none 
has been installed long enough to guarantee longevity. However, this holds 
true in varying degrees for all the new walls. The practicability of sealed 
panels with closed joints can presently be determined only by adequate 
study of the particular conditions for the job at hand. Adequate testing can 
be a guide, but only long usage can prove reliability. 


CAULKING 

Originally, most panel walls erected with closed joints were waterproofed 
with caulking. Brands of caulking vary greatly. Only the best quality, from 
reputable manufacturers, should be considered for use in curtain walls. 
High-grade caulking applied according to manufacturer’s instructions can 
often do a very efficient job (Fig. 3.48). 

Care must be exercised in joint design to allow for a deep bed of caulking— 
% in. at the least. The joint should be wide enough to possess some body— 
at the very minimum, % to % o in.—but usually should be no wider than Vi 
to % in. As caulking ages, the surface exposed to air and light hardens and 
thickens. The hard crust thus formed protects the interior of the caulking 
bead from damage (although even the best material will eventually crack 
slightly on the surface). The interior, kept soft and pliable, continues to 
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perform its waterproofing function. Caulking can expand and contract to 
make allowance for building movement only if the interior remains soft A 
shallow, narrow bead soon hardens to such an extent that it leaves cracks 
between itself and the panel (through which water can penetrate) or mav 
even fall out of the joint. Even caulking that remains soft may ooze out if the 
joint was improperly designed or the caulking is not deep or thick enough. 
In the past, the usual life of caulking has been only about three to four years 
at best, at which time it must be replaced. 


NEWLY DEVELOPED SEALERS 

Products have recently appeared on the market for the caulking and seal¬ 
ing of curtain walls that show great promise of solving many of the problems 
inherent in the joint. Used in essentially the same manner as ordinary 
caulking, the new types are formulated from polysulfide liquid polymers. 
Brought to the job as liquids, they convert to synthetic rubber at room tem¬ 
peratures after application. Their first large-scale tryout came when they 
were chosen to replace the traditional glazing compounds originally speci¬ 
fied for the Lever House curtain wall. Since then they have been specified 
tor a large number of important projects. 

Applied with a gun or by other conventional means, these sealers are now 
available in several colors. They cure initially in about 3 hr at 70° F and 




R9 3 48 THe i0, ' nt Se °' ed Wi,h COulki "9' <W. Mecklenburg High School, Char.otle, N.C.) 
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achieve their final cure in about 15 hr at the same temperature. They may 
be used at lower temperatures, but only over longer periods. At higher tem¬ 
peratures, they cure much faster. 

Polysulfide liquid polymers olfer the advantages of: 

1. Long life, possibly up to 50 years, judging from tests 

2. Tenacious bond between surfaces sealed 

3. Flexibility at all temperatures encountered by curtain walls 

4. High resistance to atmospheric or other oxidation 

5. High resistance to damage by sunlight 

6. Ability to stretch to at least four times original length, assuring ad¬ 
hesion during expansion and contraction of the wall. 

Current limitations are their cost and somewhat difficult application. 


SYNTHETIC GASKETS 


The plastic gasket, generally extruded into the required form, is being 
widely used today for waterproofing of curtain wall joints (Fig. 3.49). Un¬ 
doubtedly, it has made some wall designs practical that would be impossible 
or impractical otherwise. Two materials are in wide use for these gaskets- 
polyvinyl chloride plastic and neoprene rubber. Vinyl compounds of one 
type or another are widely used for sealants exposed to the weather, as some 
neoprene tends to break down in sunlight and air and is not considered ade- 



Aluminum frame 
Gasket 

Glass-fiber 
insulation 



Porcelain- 
enameled panel 
Glass-fiber insulation 

HORIZONTAL SECTION 


Painted steel panel 


VERTICAL SECTION 


Inches 


Fig. 3.49 The joint sealed with gaskets, sections (W. Mecklenburg High School) 
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quate for exposed locations. However, other neoprene gaskets have net- 
formed very wen. Care should be exercised in choosing sealers of either 

their physical and 

Vinyl gaskets are very flexible in composition. They can be made of pure 

oure vinvl Tl COmP ° U K d n0t inherent ^ the 

P ^ . ley can be made in various hardnesses ranging from very low 

durometer readings to fairly high ones. They can have various degrees of 

lbihty. If not too massive, they can be readily extruded. Vinyls have high 

mhemdTt r iStanCe * *° ^ ^ extrilsions ™y be 

mitered at the corners and the parts easily fused together under heat to form 

a continuous seal. 

., A fi m fi n <* isadvanta g e in present gaskets is the result of a lack of study of 
he field of curtain wall construction by the vinyl and neoprene manufac- 
tmeis and fabricators. Improperly designed sealers have chipped, cracked 
n ailed after a short time. Designers of curtain walls will benefit greatly 
from first-rate research and testing when it is available; they will be able to 
specify certain desired results in gaskets, and the manufacturers can strive 
to supply the appropriate vinyl. For example, the low temperature limit of 
piesent vinyls and neoprene (about 350° F, above which they melt or burn) 
IS a disadvantage from a fire-protection standpoint. 

A proposed standard for the evaluation of vinyl extrusions for panel con- 

r? ted t0 the PorCelain Enamel Insitute and others 
r consideration. Based mainly on standard ASTM tests, but with a few 

a ltions, the proposal will help determine the actual requirements for 

gaskets used m waterproofing. Vinyl suppliers will be expected to consider 

gasket nfit 1 and ’, by r6SearC ' h and teSting> determine whether it will insure 
f ° le I qu f lt y needed for curtain walls designed to last the life of a 
nu >ng, or _wiether they must prepare other quality controls. ASTM tests 
are also available for testing neoprene. 

These synthetic gaskets are new developments. Impressive in the labora- 

vZi A 7 'r ” 0t ayS !' eld “P in the fleld - Cautto ". conunon sense, and 
good detailing are required in their use. 

CRITERIA FOR CAULKING, SEALERS, AND GASKETS 

All sealers should be selected from those which: 


1. Have long life 
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2. Resist drying out or becoming brittle 

3. Readily and permanently adhere to materials of wall 

4. Stretch to compensate for expansion and contraction of the wall 

5. Allow for building tolerances 

6. Have an extremely low shrinkage factor 

7. Retain desirable characteristics in extreme temperature ranges (—40° 
to +180° F considered desirable). 

They should also be: 

8. Nonstaining 

9. Of uniform consistency 

10. Weatherproof 

11. Simple to apply 

12. Noncorrosive 

13. Attractive in appearance 

14. Available in nonfading colors 

15. Easy to replace 

16. Capable of performance justifying original cost. 

Neoprene is sometimes affected by sunlight and air. Vinyl presents economic 
difficulties in the selection of types with the properties required. The color 
of the materials may fade; the faces may chip and crack. If a filler of caulk¬ 
ing, vinyl, or neoprene is to be used, provision should most certainly be 
made for its replacement. In the near future, compounds may be in exist¬ 
ence that will have all the qualities needed plus a long life span, perhaps 50 
years or more. Until that time, caulking or gaskets should be easily re¬ 
placeable. 

SUMMARY 

1. Caulking—Use best quality feasible. Design the joint to hold caulking 
mechanically. Use thick, deep caulking. Back-caulk if possible. Do not use 
continuous long joints, particularly long vertical joints. Plan for replacement. 

2. Gaskets—Make the choice only after extensive consideration of desir¬ 
able qualities of different types. Use hidden gaskets, if possible. Otherwise, 
use neutral colors resistant to fading. (It’s easier to give gasket desirable 
qualities if neutral colors are used.) Plan for replacement. 

3. Weatherproof open joints—Careful design and thorough testing are 
imperative. 
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FASTENERS FOR CONTEMPORARY CURTAIN WALLS 


The consideration of how the curtain wall will be attached to the primary 
structure is of first importance. Earlier walls were erected on the basic 
assumption that masonry would be supported very simply on the masonry 
below, either directly on spandrel beams or on lintels attached to the beams. 
The load over openings was carried by angles or other lintels projecting 
out to receive the brick or stone. In buildings sheathed with terra cotta, 
porcelain enamel panels, or veneer of other types, a wall of common brick 
or some such material was provided for the skin to be attached to directly. 
The masonry was used as a mass material in compression. Adjustments com¬ 
pensating for size tolerances in the structure were made by varying the size 
of the mortar joints between millions of tiny units. 

The contemporary curtain wall-with its complex assemblies of frames, 
fenestration, insulation, and facing, not to mention sun controls as integral 
or attached parts-requires a completely different approach to the question 
of fastenings. Steel-frame and reinforced-concrete buildings are not perfect 
in their measurements; and they move as well. The new wall, moreover, ex¬ 
pands and contracts more readily than the old masonry wall. In large as¬ 
semblies it thus requires fast and efficient fasteners, since speed of erection 
is one of its chief advantages. 

For modern curtain walls, it is possible to plan connectors that attach to 
any of the major parts of the exterior primary structure. Actually, most walls 
hung on the outside of a building make use of the spandrel beam for this 
purpose, although the columns could be used. In buildings with floors 
cantilevered beyond the walls, the connections are easier because the wall 
can be set between floor and ceiling and attached to them. However, adjust¬ 
ment for vertical dimensional discrepancies may be more difficult than with 
the wall hung outside, because the wall units must be erected between the 
two floors, which will limit their vertical movement. 


CRITERIA FOR FASTENERS 

Fastener design should be based on the following: 

1. Strength—Fasteners must possess adequate strength to resist any forces 
they are likely to be subjected to, often including the extraordinary forces of 
hurricanes and earthquakes. They should be corrosion resistant in order to 
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Fig. 3.50 A typical fastening system 

System allows for adjustment in three dimensions: (1) Laterally, (2) ver¬ 
tically, and (3) towards and away from wall. Shims under horizontal angle 
are recommended by some authorities for vertical adjustment. 

retain their strength over long periods. They must attach curtain units to 
the building structure positively. 

2. Adjustability—Fasteners must be flexible. They must allow for three- 
dimensional adjustment (vertical, horizontal, and in and out) between cur¬ 
tain units and the primary building structure in order to compensate for 
discrepancies in structural frame dimensions and for tolerances within the 
units (Fig. 3.50). 

3. Movement—Fasteners must allow for change of position or movement 
of (a) the primary building structure and (b) the wall elements themselves, 
in expansion and contraction. 

4. Erection—Fasteners must aid in speedy, efficient erection of the wall 
units. Erection from inside the building is highly desirable in order to elimi¬ 
nate expensive scaffolding and delays caused by inclement weather (not 
so important in small buildings). 

5. Fireproofing—Fasteners must be capable of fireproofing that meets the 
codes. They must prevent the wall units from becoming disconnected in a 
fire in order to prevent their falling on firemen or bystanders. 

6. Disassembly—Fasteners must allow for the disassembly of units and 
their detachment from the building should they require replacement. 
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7. Cost—Fasteners must be economically feasible. Simplicity of design 
contributes to low cost. 

Many forms of attachment of curtain wall units to buildings are now in 
use (a natural consequence of the great variety of the walls themselves). 
They cover a wide range of complexity and perform with varying degrees 
of success. Any system fulfilling all the requirements listed above will gen¬ 
erally be satisfactory. Several systems are shown in Fig. 3.51. 

Sufficient experience and data is still lacking to certify any of the criteria. 
A study of measurement discrepancies in steel-frame and reinforced-con- 
crete buildings would be very valuable. Related to his own required fabri¬ 
cation toleiances, this information would allow the manufacturer to predict 
more adequately the adjustment to be allowed between wall assemblies. 
Fastener strength should be determined from the appropriate code, but all 
too often these codes are based on outmoded methods and insufficient data. 
Effects of building movement on the wall also need more study. Answers to 
such questions will result in simpler and more efficient fasteners of ac¬ 
curately predictable performance. 

THE FIREPROOFING (BACKUP) 


Present codes require a fireproofing backup for many curtain wall applica¬ 
tions. A second wall often has to be built behind the curtain to meet these 
codes. The type of backup selected will depend on the variables of designer 
preference, availability and price of materials in the area, union wage scales, 
and other factors. At best, the problem is to meet the code with the least 
interference with the curtain wall itself and with the least possible expendi¬ 
ture of time, energy, and the owner’s money. 

CURRENT REQUIREMENTS 

The most prevalent newly revised fire code requirements may be divided 
into two types, based on exposure of the wall: 

1. Where the wall is held back a specified distance from the property line 
or faces a street of a certain width, a 1-hr wall (%-hr for Uniform Building 
Code cities) will usually be permitted. (Most codes allow unprotected open¬ 
ings in these walls). 
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Fig. 3.51 Various curtain wall fastening systems 

a. Horizontal attachment members, continuous column to column 

b. Brackets , clips , or stub mullions 

c. Vertical attachment members, continuous floor to floor 
a. Variation of a (additional horizontal member) 

e. Variation of c and d 

f. Variation of a and c 

g. Variation of a and b 
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TABLE 3.6 NATIONAL BOARD OF FIRE UNDERWRITERS' CODE (1955) 


Horizontal separation , 
ft 

Fire rating for wall , 
hr 

Maximum window area, 
per cent 

Less than 3 

3 

40 

3 to 20 

2 

40 

20 to 30 

1 

60 

30 or more 

Incombustible 



2. Where the wall is close to another buiiding or to the property line and 
does not face a street, the requirement is generally a 2-hr rating. (Most 
codes require that there be either no openings or protected glass in these 
walls.) 

These requirements closely follow the recommendations of the American 
Iron and Steel Institute that “nonloadbearing exterior panel walls shall be 
of noncombustible construction firmly attached to the structural frame and 
shall have a fire resistance rating of not less than 1 hr, except that in exposed 
locations where protection of window openings is a requirement of this 
code, such panel walls shall have a 2-hr fire resistance rating against out¬ 
side fire exposure.” 

These recommendations have been adopted by about two-thirds of the 
cities in the United States and form part of all major national codes except 
the National Board of Fire Underwriters’ Code (Table 3.6). A few cities 
still require 4-hr walls, and a minority specify masonry walls. For particular 
projects, the exact requirements may be determined by checking the code 
having jurisdiction. Figure 3.52 compares performance of backup materials 
and insulating materials in a typical fire test. Table 3.7 lists the various types 
of backup materials and their characteristics. 
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Fig. 3.52 Masonry backup compared with insulating backup in fire test 

//tg/t heat capacity of masonry enables it to absorb large amount of heat 
without appreciable rise in temperature on opposite side of wall. Insulating 
material allows steady temperature rise. 
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TABLE 3.7 TYPES OF BACKUP 


Material 

Actual thickness required for 
fire ratings, 1 
in. 

1-hr 2-hr 3-hr 4-hr 

Insulating values 

Weight of 
solid matter, 
lb per cu ft 

Hollow block 

Perlite 




42 

k: 0.51-0.77 for block material 

U: 0.37 for 8-in. hollow block 

40-60 

Cinder 

2.7 

4.0 

5.0 

5.9 

U: 0.18-0.25 for 4-in. filled block 

100-120 

Slag, expanded 3 

4.0 

6.0 

8.0 

8.0 

U: 0.51 for 4-in. hollow block 

U: 0.35 for 6-in. hollow block 

U: 0.3? for 8-in. hollow block 

80 

Clay, shale, expanded 

2.6 

3.8 

4.8 

5.7 

U: 0.51 for 4-in. hollow block 

U: 0.33 for 8-in. hollow block 

100 

Pumice 

2.1 

3.2 

4.0 

4.7 

k: 1.42-1.67 for solid material 

50-60 

Solid 

Perlite 

1.5 

2.5 


5.0 

k : 0.51-0.77 

22-36 

Vermiculite 

1.82 

2.57 

3.15 

3.63 

k: 1.3 

U: 0.26 for 4-in. slab 

30-50 

Pumice 

Diatomite 

2.1 

3.2 

4.0 

4.7 

k: 1.42-1.67 

50-60 

55 

Miscellaneous 

Brick 

4.0 

8.0 

8.0 

8.0 

k: 5.0 

U: 0.80 for 4 in. 

U: 0.50 for 8 in. 

120 

Sprayed asbestos 
compound 4 


Actual thickness of hollow units is taken to mean average minimum thickness of solid material in hollow 
unit. This may be determined by taking average volume of entire unit, subtracting volume of air spaces, and 
dividing by area of exposed face of block. 

2 For perlite block with cores filled with perlite concrete. 

3 Block sizes, instead of actual thicknesses of solid material in units. 

^ results of fire tests for wall constructions are available, but tests of cellular floors with air space and 
v8 in. of sprayed asbestos compound yielded a 4-hr rating. 


SOUND 

Sound problems are of two types: (1) Control of sound originating within 
the wall itself, or caused by the wall, and (2) control of sound from outside 
and from inside the building. 

Noises that originate in the wall or are caused by it may be generated by 
rubbing of parts, vibration, or expansion and contraction. Although there 
have been some reports of such noises, they are not common and can be 
avoided by proper design. Rubbing of parts may be controlled by physical 
separation with gaskets and by proper clearances of metal components that 
are expected to move past each other. Vibration noises may be caused by 
loose panels, an intolerable condition that of course must be avoided. Some 
vibration noises may come from the diaphragm-like movement of the facing 
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caused by external noises or by expansion and contraction. This condition is 
rare in curtain walls but can occur. It can be corrected by redesign of the 
conformation of the facing, or by spraying the back of the panel with vibra- 
tion and sound damping compounds. 

Of more importance in curtain wall design is the control of sound outside 
and within the building. Such design may be said to have two objectives: 
(1) A satisfactory acoustical environment, and (2) good hearing conditions. 
The latter generally has importance only in spaces devoted to the spoken 
woid oi music, such as theaters or auditoriums. Although the curtain wall 
might be used to provide good hearing conditions, other means are usually 
employed in practice. To provide a satisfactory acoustical environment, the 
most important function of the wall is the isolation of outside sound from 
the interior of the building. 

The intended use of the interior space determines the noise levels allow¬ 
able; criteria are available for different purposes. Acceptable levels range 
from a low of 35 db in hospitals, homes, apartments, and similar projects 
through the 3.5-55 db range in offices, to the 45-80 db range acceptable in 
factories. The assumptions for acoustical design of a particular curtain wall 
are based on the level of noise expected outside the building and the level 
desired inside. The difference between these two figures gives us the trans¬ 
mission loss (T.L.) 1 required for the wall. Another way of putting it is to 
say that the required noise reduction (N.R.) 2 between the two spaces con¬ 
sists of the difference in the sound levels of the spaces. N.R. is about equal 
to T.L. (within a few decibels) for most walls. 

The ti ansmission losses that may be expected in materials are directly re¬ 
lated to the mass of the wall or to its inertia. Rather than traveling through 
a wall, sound actually sets it in motion, causing a reradiation of the sound 
on the other side. The greater the mass or inertia of the wall, the more re¬ 
sistance it has to such motion. The sound reduction caused by the weight 
of the wall covers a wide range, from a T.L. of about 20 for a wall weighing 
1 psf and 1 in. thick to approximately 50 for a wall of the same thickness 
weighing 100 psf. These figures are for homogeneous walls. They may be 
improved 5-10 db by inclusion of an air space and by use of insulation ma¬ 
terial in the air space. Separation of the inner and outer faces should be as 
complete as possible. It has been found that connectors between the faces 
should be no closer than 2 ft on centers. 

1 T.L. is the reduction in noise level in decibels, effected between two spaces by a barrier. 

- N.R. is the required reduction of noise level, in decibels, between two spaces. 
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Both T.L. and N.R. quantities are usable for various frequencies, but in 
practice the average is taken over a range of frequencies (ordinarily 128 512 
1,024, and 2,048 cps). 

Noise reduction is affected by air leaks as well as by wall mass. It is pos¬ 
sible for a 1-in. square hole to transmit as much sound as 100 sq ft or more 
of wall. The design of weep holes should allow for this factor. Connections 
between the curtain wall and partitions framing into it and also between the 
wall and the floor must be made airtight to eliminate sound transmission 
between rooms. 

Design for sound isolation naturally depends, as pointed out previously, 
on the noise level permissible inside and the noise level present outside. For 
the average office building, it has been found that an N.R. of about 25-55 db 
will be satisfactory, with the usual figure in the neighborhood of 30-35 db. 
The over-all isolation of the interior is limited by the acoustically weakest 
material (usually the glass, with a T.L. of about 30 db). 

Suitable curtain walls are easily obtainable for all but the most extreme 
situations, such as buildings neighboring jet air bases. Here, the thin, light 
curtain wall could hardly be recommended. For the great majority of instal¬ 
lations, the curtain walls now available with T.L. ratings up to about 40 db 
will be satisfactory. 

One last acoustical consideration may sometimes be applicable to curtain 
wall design; this is the use of sound-absorbent materials. The usual method 
of controlling sound within rooms is through the application of such materials 
on the ceilings, a logical course because of the extremely fragile qualities 
of most materials and the limited possibilities for placing them evenly on the 
walls. To be effective, the materials must have holes or fissures on approxi¬ 
mately y 2 - in. centers to allow the sound to enter into the heart of the 
material. 





CHAPTER 4 


The Materials 


It is hard to imagine a building material that has not been used or at least 
considered for curtain walls. Stainless steel led the way in some of the ear¬ 
liest installations. Aluminum was used in the spectacular walls for the Alcoa 
ui mg in Pittsburgh and its successors, some erected in a few days (and 
more recently, in a few hours) on New York City’s Park Avenue. Porcelain 
enamel on steel has come into its own and is rapidly becoming the best 

se mg material in the field, possibly in answer to the architect’s (and the 
public s) demands for color. 

The designer who wishes to use a curtain wall today is confronted by a 
wide variety of available materials. Basic information on these materials will 
be found m this and the next four chapters. In the final selection of any cur- 
ain wall system, material, or component, the end desired and the function 
to be performed must be kept firmly in mind. For many problems that arise, 
specific solutions will be available from manufacturers, suppliers, and trade 
organizations. These will help fill the gap between the basic information 
contained here and the final design. In the absence of independent profes¬ 
sional curtain wall consultants, the designer’s only course is to study all 
available sources and use what seems most valid. 

A few definitions will be given here to clarify the manner in which certain 
terms are used in the following four chapters. Many of these are well known 
and all are in wide use within the industries involved in the manufacture 
and erection of curtain walls. 
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PHYSICAL AND MECHANICAL PROPERTIES 

Some of the common physical and mechanical properties of curtain wall 
materials are the following: 

abrasion resistance: The property of materials enabling them to with¬ 
stand scratching or rubbing. Commonly expressed as depth of penetration, 
in inches, after testing with silicon carbide wheel for approximately 10,000 
wear cycles, using an abrasion-testing machine such as the Taber abraser. 

creep strength: Rate of continuous deformation under stress at a specific 
temperature. Commonly expressed as stress, in pounds per square inch, re¬ 
quired to produce a certain percentage of elongation in a specified number 
of hours. 



Fig. 4.1 Flexural rigidity: Aluminum compared with stainless steel 

Graph illustrates thicknesses of aluminum required for equal flexural rigidity 
with given thickness of stainless steel Example: 0.02-in. stainless is equal of 
approximately 0.032-in. aluminum. 
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Fig. 4.2 Modulus of elasticity (E) range for various materials 


ductility: Property allowing deformation under tensile stress without 
rupture. 

elastic limit: The maximum unit stress that can be developed in a ma¬ 
terial without causing permanent deformation. Commonly expressed in 
pounds per square inch. 

elongation: Amount of permanent stretch in a material after failure in 
tension. Commonly expressed as percentage of specimen’s original length. 

endurance limit: Maximum stress to which a material can be subjected 
for an indefinitely large number of cycles without causing rupture. Com¬ 
monly expressed in pounds per square inch. In practice, values are taken 

after a specified number of cycles. Ordinarily considered same as “fatigue 
strength.” b 

flexural strength (flexural rigidity): Resistance of a material to flexural 
stress or bending (Fig. 4.1). Commonly expressed in pounds per square inch. 

hardness: Resistance of material to deformation by penetration or in¬ 
dentation. Commonly expressed as hardness number on scale of machine 
used for testing; for example, Brinell, Rockwell, Moh’s. 

impact strength: Stress required to fracture a notched specimen of a 
material at one blow. A measure of toughness. Commonly expressed in foot¬ 
pounds of energy required for fracture and referred to by name of machine 
used for testing; for example, Izod, Charpy. 

JOHNSONS proportional limit: Stress in a material at which the deforma¬ 
tion is increasing with respect to stress at a rate of 50 per cent greater than at 
any stress below the proportional limit. Commonly expressed in pounds per 
square inch. 

modulus of elasticity: The ratio, within the elastic limit, of stress to 
strain for a material in tension, compression, and shear (Fig. 4.2 and 4.3). 
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. . . 302 stainless steel 

— —■ Enameling iron 


0 ---1------- - — ■ — 3003 aluminum 

2 4 6 8 10 

Elongation, per cent in 2 in. 

Fig. 4.3 Stress-strain in aluminum, stainless steel, and enameling iron 

Commonly expressed in pounds per square inch. The modulus of elasticity 
in tension and compression is generally called Young’s modulus (£); in shear 
it is called the modulus of rigidity (G). 

proportional limit: The maximum stress in a material at which the 
strain is directly proportional to the stress. Commonly expressed in pounds 
per square inch. 

reflectivity: Expresses the diffuse reflection of the light falling on a sur¬ 
face. Commonly expressed as a percentage per unit area for a particular 
surface. Measured by testing machines such as the Hunter Reflectometer. 

sag: The measure for deflection of a material at elevated temperatures. Of 
particular importance in base metals for porcelain enameling. Commonly 
expressed in inches at a specified temperature. 

ultimate strength: The maximum stress that can be developed in a ma¬ 
terial as determined by cross section or original specimen. Commonly ex¬ 
pressed in pounds per square inch. (Note: A brittle material breaks when it 
reaches stress equal to ultimate strength; a ductile material continues to 
stretch.) 
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yield point: The point at which a material continues to deform without 
any further increase in the load. Commonly expressed in pounds per square 
inch. Only ductile materials have a well-defined yield point. In practice, 
sometimes assumed as point at which stress produces an elongation in the 
specimen of 0.50 per cent of its original length. 

yield strength: Maximum unit stress in a material to produce a perma¬ 
nent deformation of 0.10 per cent or 0.20 per cent of original length. Com¬ 
monly expressed in pounds per square inch. Ordinarily used for materials 
that have no well-defined yield point. 

TEMPERATURE PROPERTIES 


Temperature properties of materials are of interest to the curtain wall 
designer. Discussions of these properties for a specific type of material will 
be found in the chapter pertaining to that material. The following are some 
of the terms used: 

thermal conductivity (k): The measure of the amount of heat a material 
will conduct through itself (Fig. 4.4). Commonly expressed in Btu per hour 
per square foot of surface per degree Fahrenheit difference in the tempera¬ 
tures of the surfaces per inch of thickness. May also be expressed in metric 
equivalents. 

thermal expansion : The increase in length of a material caused by heat 
(Fig. 4.5 and Table 4.1). Commonly expressed in inches of expansion per 
inch of original material size per range of temperature in degrees Fahrenheit. 

Btu per hr per sq ft per deg F per in. 

0 400 800 1,200 1,600 2,000 2,400 2,800 


Iron and steel 
Aluminum 
Copper alloys 
Plastics 
Concrete 



Fig. 4.4 Thermal conductivity range for various materials 
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Plastics 
Iron and steel 
Aluminum 
Copper alloys 
Wood 
Concrete 


In. per in. per deg F x 10~® 



4U 60 80 ioo 120 

Fig. 4.5 Thermal expansion range for various materials 


140 


RMAL limits: The useful temperature limits of a material, ordinarily 
assumed for metals as temperatures at which metal has lost 50 per cent of 

.ts strength (Fig. 4.6 and 4.7). Commonly expressed in degrees Fahrenheit 
Afiects creep and fatigue strength greatly. 


TABlE 41 ass* of F 


Material 


Approximate coefficient _ Dimension al change, in. 

in.pi7n7erde gF ^ng^tTTT 



X>0- 6 

5ft 

10 ft 

15 ft 

Aluminum 

13.0 

0.078 

0.156 

0.234 

Stainless steel 

9.6 

0.058 

0.115 

0.173 

Porcelain enamel on steel 

7.0 

0.042 

0.084 

0.126 

Muntz metal 

10.8 

0.065 

0.130 

0.195 

Copper and architectural 
bronze 

9.3 

0.056 

0.113 

0.167 

Carbon steel 

7.0 

0.042 

0.084 

0.126 

Glass 

5.0 

0.030 

0.060 

0.090 

Concrete 

8.0 

0.048 

0.096 

0.144 

Stone 

4.0 

0.024 

0.048 

0.072 

Reinforced plastic 

16.0 

0.096 

0.194 

0.286 
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1,200 


1,400 


Maximum temperature, deg F 


Plastics 
Laminated plastics 
Iron and steel 
Copper alloys 
Aluminum 

Concrete 



1,000 



Fig. 4.6 Upper temperature limits for various materials (commonly accepted averages) 

Ranges for metals and concrete assumed to be those in which the materials 
have lost 50 per cent of their original strength. 

FABRICATION AND HEAT-TREATMENT METHODS 


Some of the methods of fabrication and heat treatment used for materials 
of the contemporary curtain wall are: 

age-hardening (precipitation-hardening): A process of hardening metals 
that occurs at ordinary temperatures, usually resulting in greater strength 
and less ductility. 



02 4 6 8 10 12 14 16 18 20 


302 stainless steel 
Enameling iron 
■ 3003 aluminum 


Temperature (100°F) 

Fig. 4.7 Tensile strengths at elevated temperatures of aluminum, stainless steel, and enameling iron 
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annealing: A heat treatment intended to soften the metal, thereby re¬ 
moving residual stresses. Ordinarily consists of raising the temperature to 
a point below that of recrystallization, and then cooling slowly. 

casting: Production of a product by pouring in a liquid form into a mold 
that gives it the desired shape. Common casting methods for metals include 
sand casting, permanent mold casting, plaster mold casting, and die casting, 
all classified by the type of mold. In concrete work, the form acts as the 
mold. Plastic producers call the process molding. For concrete and plastics, 
pouring and molding are accepted and economical methods of production. 
For curtain wall metals, the costs of casting are higher than those of other 
methods. 



Fig. 4.8 Typical face textures for formed metal panels 


cladding: A method of producing a composite material composed of one 
metal covered with another in order to gain important characteristics not 
available in either metal alone. Ordinarily produced by placing surfaces of 
two metals in contact with each other under heat and pressure to cause 
metallurgical bond between them. Common use of cladding is in Alclad 
alloys of aluminum, which usually possess the advantages of high core 
strength and great corrosion resistance of the exterior metal. 
cold-working: Any process performed on metals at temperatures below 
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hardnLT hiCh reCryStallization occurs ' Causes metals to gain in strength and 

drawing: Any of a number of operations on metal which ordinarily in¬ 
volve forcing of the metal into a shape with a punch working into a die 
extrusion: The forming or shaping of metals by forcing through a die. 
Ordinarily used for many aluminum-, magnesium-, and copper-base alloys. 
Oan be used, within certain limits, for some ferrous metals. 

forging: The shaping of metals by a compressive force, ordinarily at ele¬ 
vated temperatures, by a hammer or other means. Usual types are drop 
forging, press forging, and upset forging (all classified by the type of equip¬ 
ment used). Forgings have not been used to any extent in curtain walls. 

forming: The shaping of metals or other materials without reducing their 
thickness to any great degree (Fig. 4.8). Ordinarily used for sheet materials 
of various types and accomplished in single or multiple operations of many 
com inations. This type of operation is usually inexpensive (if the forming 
is simple) and has had widespread use in curtain walls. The two major types 
used for curtain wall components are: (1) Press forming, consisting of shap¬ 
ing the material in machines designed for bending the material to the de¬ 
sired shape with the aid of dies, and (2) roll forming, consisting of shaping 
the material on machines with a series of driven rolls of proper conforma¬ 
tion. Many other types of forming are in use and might be appropriate for 
specific operations. 

HEAT treatment: Any of a number of processes using heat applied to 
metals to produce changes in their properties. The most common heat treat- 

(which^Je) 11 t0 m6talS USed ^ CUftain WaUs are annealin g and tempering 

rolling: The shaping of metal by passing through successive rolls of de¬ 
creasing size and varying shapes. Some products, such as ferrous and alumi¬ 
num alloy structural shapes, are produced by hot rolling; others are cold- 
rolled. 

stamping: The shaping of materials by impressing the desired conforma- 
tion into the sheet material. 

stretcher-leveling: A method of removing deformations such as warp- 
mg and bow from sheet materials by applying uniform tension at ends of 

sheet A definite amount of permanent set is induced into the sheet, causing 
it to flatten considerably. ° 

tempering: A heat treatment intended to harden the metal, thereby ob- 
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taining increased strength properties. It consists of raising the temperature 
to a point above that of recrystallization, and cooling suddenly. Metal can 
then be reheated to achieve the exact temper desired. 


STRENGTH-WEIGHT RATIOS 


The strength-weight ratio is sometimes used in the determination of 
the suitability of materials for structural purposes. In use, the weight of the 
material under consideration may be taken into account by dividing the 
appropriate strength or stiffness value by the specific gravity of the material 
or by a certain power of the specific gravity. The use to which the structural 


TABLE 4.2 TYPICAL STRENGTH-WEIGHT RATIOS 

Unless otherwise noted, materials are annealed. Other tempers or alloys have widely varied range of ratios. 


Material 

Specific 
gravity, 
spgr 

Ultimate 
tensile 
strength, T, 
psi 

Ratio: 

T/sp gr 

Ratio: 
T/sp gr 2 

Aluminum alloy (3003-0) 

2.71 

13,000 

4,800 

1,777 

Aluminum alloy (5050-0) 

2.69 

21,000 

7,800 

2,880 

Aluminum alloy (6062 T-6) 

2.70 

45,000 

16,700 

6,100 

Stainless steel (302) 

8.02 

90,000 

11,200 

1,390 

Enameling iron 

7.86 

38,000 

4,850 

610 

Architectural bronze 

8.40 

60,000 

7,150 

845 

Muntz metal 

8.40 

52,000 

6,200 

730 

Copper 

8.92 

32,000 

3,600 

400 

Carbon steel (SAE 1020) 

7.86 

60,000 

7,650 

960 

Magnesium 

1.94 

35,000 

18,000 

9,200 

Glass (%-in. plate, tempered) 

2.50 

6,500 

2,600 

1,030 

Polyester-glass fiber laminate 

1.80 

40,000 

22,200 

12,100 


member is to be put determines the particular function of the specific grav¬ 
ity to be used. For example, ordinarily it is accepted practice to divide the 
ultimate 01 yield strengths of various materials by the specific gravity when 
the purpose is to select the strongest material per unit weight to carry a ten¬ 
sile load. However, in order to select the strongest beam of a given length, 
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width, and weight, the specific gravities are squared before being divided 
into the ultimate or yield strengths. 

No general rule has been found completely acceptable for comparing the 
strengths or stiffnesses of various materials strictly on the basis of equal 
weight. However, a comparison of strength-to-weight ratios may be of value 
to the designer, particularly when the ratios are compared to the costs of 
the various materials in place in the curtain wall. Strength-to-weight ratios 
for a few common curtain wall materials are given in Table 4.2. 


WEATHERING AND CORROSION 


Materials for use in curtain walls require a high degree of resistance to 
weathering. Weathering is an all-inclusive term, which in this sense is taken 
to mean the deterioration of materials caused by the elements or weather. 
The effects of weathering may be seen in fading of colors, reduced strength, 
erosion of the surface, and (ultimately) the destruction of materials. 

One of the most destructive weathering forces is atmospheric corrosion, 
which causes deterioration of the surface of materials through oxidation. 
This type of weathering is much more serious in some materials, such as 
carbon steel (which if left unprotected will oxidize, or rust, to destruction 
in a fairly short period of time), than it is in others, such as aluminum (in 
which oxidation on the surface forms a hard crust that protects the interior 
of the metal).In all materials affected by atmospheric corrosion, the force of 
destruction seems to be speeded up by the greater air contamination found 
in industrial areas and in the salt air of the seacoast. 

Another destructive weathering force is sunlight. However, it has not 
been found to affect the major curtain wall components to any great degree. 
It does attack sealants, gaskets, and painits, and it tends to hasten the fading 
of colors. In certain areas, abrasion of surfaces by wind-blown sand or other 
materials may be a problem if the materials used have low resistance to such 
attack. Chemical corrosion may be a problem in certain locations subject to 
fumes or chemically contaminated air. The effects of alternate freezing and 
thawing may have serious consequences in many walls, especially those 
with facings of stone, concrete, ceramic tile, or masonry. Some types of in¬ 
sulating materials may give trouble if they become wet in freezing weather. 
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GALVANIC CORROSION 

Corrosion caused by the action of a flow of electricity from one material to 
another must be taken into consideration in many curtain wall designs. This 
action, called galvanic or electrolytic corrosion, takes place when two dis¬ 
similar metals are in contact in the presence of an electrolyte. Rain water or 
condensation containing chlorides or salts ordinarily acts as the electrolyte 
in galvanic corrosion affecting curtain walls. Even water passing over one 
metal and dripping or running onto another can cause this harmful cor¬ 
rosion. 

Galvanic corrosion is effected in the metal that has the higher negative 
potential. In other words, the metal that is higher in the electrolytic or gal¬ 
vanic scale acts as an anode, the metal that is lower acts as a cathode, and 
the water as an electrolyte, producing a small electrical current causing cor¬ 
rosion in the anode. The rank of common metals in order of decreasing 
negative potential is as follows: 


1 . 

Magnesium 

7. Brass 

2. 

Zinc 

8. Copper 

3. 

Aluminum 

9. Stainless steel 

4. 

Mild steel 

10. Monel 

5. 

Lead 

11. Silver 

6. 

Tin 

12. Nickel 


The farther apart two metals are in the scale, the greater the difference 
in potential and the rate of corrosion. This difference in potential is the 
principal element in galvanic corrosion. However, even two different alloys 
of the same metal can produce a corrosive galvanic effect under unfavor¬ 
able conditions. 

The next most important consideration is the strength of the electrolyte. 
Galvanic corrosion increases in intensity as the strength of the electrolyte 
increases. To the curtain wall designer, this means simply that corrosion 
increases in contaminated atmospheres. Rural atmospheres are generally 
less contaminated than urban atmospheres, and the most corrosive atmos¬ 
pheres are those on the seacoast and in industrial areas. 

Another important point is that galvanic corrosion occurs in approxi¬ 
mately direct proportion to metal area. Finally, the films of oxides or dirt 
that form on metal surfaces sometimes lessen the effects of the corrosion. 

Methods of avoiding galvanic corrosion include the following: 
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1. Separation of dissimilar metals with nonconductive materials such as 
neoprene or vinyl. 

2. Avoiding design schemes that allow water to run off one metal onto 
another that is far apart on the scale. 

3. Use of sacrificial metals-those of high negative potential-between the 
components, with provision for replacement of these metals. 

4. Use of paint or other coatings between the metals. 


WAVINESS IN METALS 


One of the most perplexing problems for the curtain wall designer is the 
elimination or minimizing of waviness or warping in sheet materials The 
distortion takes several forms. It may be a fairly uniform bow outward or 
inward toward the center of the panel, or else a series of small waves run¬ 
ning generally in one direction. Sometimes a small bowed section will pro¬ 
ject from an otherwise satisfactorily flat panel. A panel may have satisfac- 
ory flatness when set in place and develop distortions after installation. 
Sometimes these distortions recur intermittently, and in a few cases they 
reverse themselves. It is possible to find in one location a very inexpensive 
flat panel with acceptable distortion characteristics and, a few doors away 
a very expensive formed panel noticeably bowed. Despite the fact waviness 
is one of the most undesirable characteristics of curtain wall installations, 
very little lias been done to prevent it. 

Various organizations have set up standards establishing distortion limits 
or sheets of various sizes. None of these standards insure the conscientious 
designer that, his panels will be acceptably flat. The most notable work on 
tie problem seems to be that under way for the Committee of Stainless Steel 
Producers of the American Iron & Steel Institute. This study, being con¬ 
ducted by the School of Architecture of Princeton University, has set up 
some tentative standards for flatness based on tests of a number of panels 
compared visually and with an instrument for measuring profiles. The study 
lias already led to the establishment of maximum slopes acceptable for com¬ 
mon stainless finishes. Desirable flatness for 2B and 4 finishes is set at 1 0 

per cent, for 2D and 6 finishes at 1.25 per cent, and for heavily textured fin- 
ishes at 2.0 per cent. 
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CAUSES OF WAVINESS 

Confronted by the many types of distortion possible in sheet materials, 
the curtain wall designer is apt to be confused about their causes. Often 
the picture can be clarified by examination and study of the particular in¬ 
stallation. Almost always, if the complete history of the panels is known, the 
source of waviness can be determined. One cause can be found in produc¬ 
tion and fabrication procedures and tolerances. If one starts with a sheet of 
stretcher-leveled stainless, for example, with an allowable waviness of % in. 
out of the theoretical plane of the metal, and adds to that the tolerances 
allowed in fabrication and, sometimes, an additional amount resulting from 
less-than-perfect workmanship, it is very possible to end with a sheet that 
is unacceptable. 

Another source of waviness is the setting up of unequal stresses in formed 
or welded panels, so that the flanges may be fairly rigid while the center is 
allowed to move. Racking of panels during erection or by building move¬ 
ment can cause objectionable distortion. Stresses can be set up in the panels 
by temperature changes, which produce unsightly waviness within the nor¬ 
mal temperature range to which the wall is subjected. For given tempera¬ 
ture rises, these distortions appear to be proportional to the ratio of the 
length of the sheet to its thickness, up to a ratio of about 240. The Princeton 
study recommends a maximum ratio of 200. In porcelain-enameled products, 
further distortions may be created by firing at high temperatures. 


PREVENTION OF WAVINESS 

Although very little dependable information is available about the pre¬ 
vention of waviness, some assumptions can be made. These have sometimes 
helped to minimize distortion in field installations. When they have not 
helped, it was probably because the origin of the particular distortion had 
not been isolated. Methods recommended are the following: 

1. Laminate face material to a strong core (this has probably been the 
most successful solution so far) 

2. Allow adequate clearances in design for building movement and tem¬ 
perature changes 

3. Use stretcher-leveled sheets 
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4. Use dull finishes rather than highly reflective surfaces 

5. Use textured or embossed sheets 

6. Use large sheets only if provided with stiffening members 

7. For attachment of the panels into frames, to each other, and to the 
building, use systems that place no strain on panels 

8. Specify flatness desired (using Princeton or other method). 

GAGES OF METALS 


In the past, sheet metals have customarily been specified by gage number. 
The large number of gage systems in use has caused so much confusion, 
however, that at present most producers and fabricators are asking that 
specifications give the nominal thickness of the metals instead of gage num¬ 
bers. Common gages for curtain wall sheet metals are the following: 


Aluminum 
Brass and bronze 
Copper 
Plastics 
Stainless steel 
Steel 


Brown & Sharpe 
Brown & Sharpe 
Birmingham, or by weight 
by decimal thickness 
U.S. Standard Revised 
U.S. Standard 


Since it is easier to remember gage numbers than numerous decimal num- 
bers, the Brown & Sharpe, U.S. Standard, and U.S. Standard Revised tables 
are included in Appendix F. 


COMPARATIVE PROPERTIES 


Table 4.3 can be used as a ready reference for checking basic general 
properties of common curtain wall materials. Properties listed are for com¬ 
parison only and for ranges in ordinary use. More specific information on 
various types and alloys of a given material may be found in the following 
chapters. 
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TABLE 4.3 TYPICAL PHYSICAL AND MECHANICAL PROPERTIES OF 
CURTAIN WALL MATERIALS 


Property 

Aluminum 

(3003) 

Stainless 
steel (302) 

Porcelain 

enamel 

Copper alloys 
(Muntz metal) 

Copper 

Carbon steel 
(SAE 1020) 

Glass 

Reinforced 
plastics 1 

Density, lb per cu in. 

0.099 

0.29 

0.09-0.11 

0.303 

0.322 

0.284 

0.09 

0.066 

Hardness (Brinell) 

28-55 

160-400 

4-6 2 

80-145 

42-100 

130-205 

5-7 2 

90-120 3 

Tensile yield strength 
(0.2 per cent offset), 

1,000 psi 

6-27 

30-165 

18-32 4 

18-60 

10-48 

40-62 

1-4 5 

25 up 

Tensile ultimate strength, 

1,000 psi 

16-29 

90-190 

38-48 4 

52-80 

32-52 

60-104 

6-7 

35 up 

Young's modulus of 
elasticity, 10 6 psi 

10 

28 

_ 

13 

16 

30 

9 up 

2.5 up 

Modulus of rigidity, 

10° psi 

_ 

12.5 




11.6 

4-30 

2.5 up 

Elongation in 2 in., 
per cent 

4-30 

55 

to 48 4 

10-45 

5-45 

6-35 


Fatigue strength 

1,000 psi 

7-10 

30-55 




33 



Impact strength 
(Izod value), ft-lb 

__ 

115-140 





8-60 r> 

5-25 

Melting point, 
deg F 

1,190- 

1,210 

2,550- 

2,590 

1,200- 

1,900 

1,660 

1,980 

2,760 

230-430 7 

250 

Thermal expansion coef., 
in. per in. per deg F X 
10-° (32° to 212° F) 

12.9 

9.6 

8-12 

10.8 

9.3 

6.7 

4.5-5.0 

16 

Thermal conductivity, 

Btu per in. per sq ft 
per deg F per hr 
(32° to 212° F) 

1,070- 

1,340 

113 

3-9 

870 

2,700 

360 

3-9 

1.5 

Resistance to abrasion 8 

C 

A 

B-C 

C 

C 

B 

A 

C 


1 Wide range of properties possible. 5 Working stress of 100 psi. 

2 MOH's scale. G 2-lb ball dropped, critical height, in. 

3 Rockwell M scale. 7 Normal service temperature, deg F. 

4 Figures for enameling iron. 8 A—superior, B—excellent, C—good, D—fair. 








chapter 5 The Materials: Aluminum, 
Stainless Steel, Other Metals 


The principal metals used in the construction of curtain walls today are 
aluminum, stainless steel (particularly in custom applications), and to a 
lesser extent, copper and the copper-based alloys. Others have been called 
upon for special purposes; for example, carbon steel and galvanized iron 
have proved especially popular in low-cost walls. Moreover, there are special 
metal processes and forms available in steel, aluminum, bronze, and other 
metals now in use, or potentially in use. Some metals with real possibilities, 
like aluminized steel, have yet to be tried to any significant extent. 


ALUMINUM 


Strictly speaking, aluminum is an element. In practice, the term has come 
to describe a vast family of alloys ranging from commercially pure aluminum, 
which has a minimum of 99 per cent aluminum, to alloys that contain 15 
per cent or more of alloying ingredients. 

Although aluminum is one of the most plentiful of elements, it has been 
known in its metallic state only in comparatively recent times. Not until 
1886 was a method discovered that made its widespread use economical. 
Prior to that, no feasible means of extracting the metal from the ore was 
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CLASSIFICATIONS 

Aluminum products are classified primarily into cast alloys and wrought 
alloys. Cast alloys are made by pouring molten metal into molds, the final 
product taking the shape of the mold. Wrought alloys are further processed 
after having solidified in the molds. The additional working improves the 
quality of the metal by making it more homogeneous through the breaking 
down of voids and air pockets. 

Wrought alloys. Wrought alloys are further subdivided into common or 
non-heat-treatable alloys and strong or heat-treatable alloys. The common al¬ 
loys contain elements such as manganese, silicon, iron, and magnesium, singly 
or in combination, which remain in solid solution or form combinations that 
are insoluble in solid aluminum under all conditions. They may have their 
strength increased by some commercially feasible method of strain or work 
hardening. The strong or heat-treatable alloys contain copper, manganese, 


Fig. 5.1 Aluminum curtain wall (Carnegie Tech dormitory, Pittsburgh, Pa.) 

known, probably because aluminum cannot be obtained by processes (such as 
smelting) common to other metals. Today, however, production of aluminum 
is constantly increasing, and its use in curtain walls (Fig. 5.1) is widespread. 
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zinc, or silicon, singly or in combination, in forms that are highly soluble 
in solid aluminum at comparatively low temperatures. Their strengths can 
be increased by heat treatment or by cold-working. Some of the heat-treat- 
able alloys age-harden at room temperature, whereas others must be arti¬ 
ficially aged to obtain optimum physical properties. 

Clad alloys. Heat-treatable alloys using copper or zinc for major al¬ 
loying elements have less resistance to corrosion than many of the common 
types. To improve their corrosion properties, they are often clad with high- 
purity aluminum, another alloy with about 1 per cent zinc, or a low man¬ 
ganese-silicon alloy. Usually about 2% to 5 per cent of the total thickness 
of the clad sheet is allowed on each side of the core for cladding metal. 

Alloy designations. Since 1954 a standardized designation system for 
wrought aluminum alloys has prevailed in the industry. The system is based 
primarily on the major alloying elements contained. Each alloy is designated 
by four digits, the first of which indicates the major alloying element or ele¬ 
ments (see Table 5.1). 

The second digit of the “1” series (commercially pure aluminum) indicates 
special control of impurities, and the remaining two digits indicate the mini¬ 
mum allowable percentage of aluminum to the nearest 0.01 per cent above 
the required 99 per cent. For example, 1030 indicates an alloy with 99.30 
per cent aluminum and no special control of impurities. In the other series 
of alloys, the second digit indicates a modification of the original alloy and 
the final two digits have no special significance. For existing alloys, these 


TABLE 5.1 CLASSIFICATION OF WROUGHT ALUMINUM ALLOYS 
BY AA NUMBERS 


First digit, Second digit, Third and fourth digits, 

major alloying modification identification of 

element 1 of alloy particular alloy 


2 xxx Copper 

3 xxx Manganese 

4 xxx Silicon 

5 xxx Magnesium 

6 xxx Magnesium 

and silicon 

7 xxx Zinc 

8 xxx Others 

9 xxx Unused series 


x 0 xx Original alloy 


x 

x 

X 

X 

X 

X 

X 

X 

X 


1 

2 

3 

4 

5 

6 

7 

8 
9 


xx 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 


^Modifications 
of alloy 


Arbitrary numbers to identify 
alloys within the series 


1 No. 1 first digit indicates commercially pure aluminum (see text). 
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two digits are usually the same as those assigned under the designation sys¬ 
tem formerly used. 

During development, alloys are assigned numbers by their originators. 
Later, they may be designated experimental alloys and assigned numbers 
preceded by “X.” The “X” is dropped after their acceptance as standard 
alloys. Clad alloys are designated by the number of the core material pre¬ 
ceded by the word “Alclad.” 

The old alloy designation numbers, although superseded by the new sys¬ 
tem, are still encountered. Table 5.2 gives both the old and the new num¬ 
bers to simplify conversion. 


TABLE 5.2 CONVERSION OF WROUGHT-ALUMINUM ALLOY DESIGNATIONS 


New AA 
number 

Commercial 

designation 

New AA 
number 

Commercial 

designation 

New AA 
number 

Commercial 

designation 

EC 

EC 

2018 

18S 

5254 

B54S 

1030 

AE1S 

2024 

24S 

X5356 

XC56S 

1050 

ADIS 

2025 

25S 

5357 

C57S;K157 

1060 

BD1S 

2117 

A17S 

X5405 

XD50S 

1070 

AC1S 

X2214 

XB14S 

5652 

F52S 

1075 

JC1S 

2218 

B18S 

6003 

R306; K162 

1080 

BC1S 

2225 

B25S 

6053 

53S 

1085 

AB1S 

X2316 

XC16S 

6061 

61S 

1090 

FB1S 

2618 

F18S 

6162 

62S 

1095 

AA1S 

3003 

3S 

6063 

63S 

1099 

BA1S 

3004 

4S 

6066 

66S 

1100 

2S 

X3005 

XA5S 

6151 

A51S 

1130 

R308 

4032 

32S 

X6251 

XB51S 

1145 

BE1S 

4143 

43S; K145 

6253 

B53S 

1150 

ED1S 

4045 

45S 

X6453 

XD53S 

1160 

CD IS; 99.6 

4343 

C43S; 44S; 
K143 

6553 

E53S 

1175 

99.75 

X4543 

XE43S 

6951 

J51S; K160 

1180 

CC1S; R998 

5005 

A50S; R305; 
K155 

7070 

70S 

1187 

EB1S; 99.87 

5050 

50S 

7072 

72S 

1197 

CA1S 

5052 

52S 

7075 

75S 

1230 

99.3 

X5055 

X55S 

X7178 

XA78S 

1235 

R995 

5056 

56S 

7277 

B77S 

2011 

ns 

5083 

LK183 

8099 

R399 

2014 

14S; R301 

Core 

5086 

K186 

8112 

K112 

2017 

17S 

5154 

A54S 

X8280 

XB80S 
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Temper designations. The temper designations used since 1947 are 
maintained in the new alloy designation system. They consist of letters and 
numbers separated from the alloy designations by a dash, as follows: 

-F As fabricated 

-O Annealed , recrystallized; softest temper; for wrought products 

-H Strain-hardened; always followed by two or more digits (first 

indicating processes, and the second, degrees of hardness); 1 for wrought 
non-heat-treatable products only 
-HI (Plus a digit) strain-hardened only 

—H2 (Plus a digit) strain-hardened, then partially annealed 

-H3 (Plus a digit) strain-hardened, then stabilized 

-W Solution heat-treated; unstable temper; applicable only to alloys 
that age-harden at room temperatures; for wrought products 

-T (Plus one or more digits) treated to produce stable tempers other 
than -F, -O, or - H; heat-treatable alloys 
-T2 Annealed; for cast products only 

—T3 Solution heat-treated, then cold-worked; for wrought products 

-T4 Solution heat-treated and naturally aged to substantially stable 

condition 


-T5 Artificially aged only 

-T6 Solution heat-treated, then artificially aged 

-T7 Solution heat-treated, then stabilized; for cast products 
—T8 Solution heat-treated, cold-worked, then artificially aged; for 
wrought products 

-T9 Solution heat-treated, artificially aged, then cold-worked; for 
wrought products 

-T10 Artificially aged, then cold-worked; for wrought products 


ALLOYS FOR CURTAIN WALLS 

Although a great number of the available alloys of aluminum are ap¬ 
plicable to curtain walls, only about half a dozen are used to any great ex¬ 
tent. A few also appear in clad form, and another half a dozen in minor com¬ 
ponents such as fasteners and in other incidental uses. A list of the alloys in 
fairly widespread use will be found in Table 5.3. 


1 The second digit in -H tempers indicates the degree of strain-hardening. O-soft (fully 
annealed); I-i/g hard; 2-44 hard; 3-% hard; 4~Y> hard; 5-% hard; 6-% hard; 7-% hard; 
8 —full hard; 9 —extremely hard. 
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TABLE 5.3 USE OF ALUMINUM IN CURTAIN WALLS 


Several types of clad aluminum are often used. 


Alloy 

Uses 

General characteristics 

Availability 1 
123456789 

1100 

Porcelain, facings, rivets, 
fasteners, formed mem¬ 
bers (General purpose) 

Commercially pure aluminum (99 per cent 
min.). Good corrosion resistance. Good for 
working. Can be anodized. 

XXXXX XXX 

3003 

Porcelain, facings, span¬ 
drels, sun shields, win¬ 
dow frames, louvers 
(General purpose) 

Stronger than 1100. Good workability, weld¬ 
ing, resistance to corrosion. Moderate 
strength. 

XXXXX XXX 

5005 

Facings, formed members 

Easy forming. Strength approximately same 
as 3003. Good for anodizing. Cleaner and 
lighter in color after anodizing than 3003 
or 5052. Corrosion resistant. 

X X 

5050 

Facings, formed members, 
frames 

Stronger than 3003. Good workability, weld¬ 
ing. High corrosion resistance. Finishes ex¬ 
cellently. Good anodizing. 

XX x XX 

5052 

Facings, formed members, 
frames 

Strongest common plate and sheet alloy, 
non-heat-treatable, in wide use. High re¬ 
sistance to salt water corrosion. Tough, but 
good workability. 

XX X XX 

2024 

Rivets, other fasteners 

Good strength, welding characteristics. In 
sheet or plate, usually clad for increased 
corrosion resistance. 

x X X X XX 

6061 

Porcelain, rivets, other 
fasteners, structural 
members, windows 

Strong. Least expensive and most versatile of 
heat-treatable alloys. Good corrosion re¬ 
sistance. May be formed. 

XXXXX XXX 

6062 

Extrusions, structural 
members 

Higher strength than 6063 for extrusions. 
Good finishing, corrosion resistance. Better 
forming than 6061. 

XXX 

6063 

Extrusions, trim, moldings, 
windows, spandrels, 
facings, louvers 

Good finishing, corrosion resistance, work¬ 
ability. Moderate strength. 

XXX 

43 

Castings, porcelain, 
spandrels, facings 

General purpose casting. 

X 

F214 

Castings 

Similar in strength to 43. Best match with 
6063 extrusions after anodizing. 

X 

356 

Castings 

Stronger than 43. 

X 


1 (1) sheet, (2) plate, (3) extrusions, (4) shapes, (5) tubing, (6) castings, (7) forging stock, (8) rod and bar 
(9) fasTeners. 
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CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The wide range of chemical compositions practical in aluminum alloys and 
their comparative ease of working and heat-treating endows them with a 
great variety of physical and mechanical properties. Table 5.4 gives the in¬ 
gredients of the alloys most commonly used for curtain walls. Physical and 
mechanical properties of these alloys are given in Table 5.5. Generally, sev¬ 
eral alloys and tempers are available for any property range covered by the 
aluminum alloys; these alloys range from high-purity aluminum (which can 
be cut with a knife) up to 7072—T6 (which has a yield strength twice that 
of structural steel). 

The choice of a particular alloy with given properties will usually depend 
on the form in which it is to be used and other desired characteristics, such 
as corrosion resistance or adaptability to coloring. It is considered advan¬ 
tageous to use a non-heat-treatable type whenever possible. Among the 
heat-treatable types, those designed by —W or —T do not require subsequent 
heat treating, and will nearly always be more economical. The guaranteed 
minimum and maximum properties of any alloy selected may vary somewhat 
among types of products, size ranges of the same product, and manufac¬ 
turers. 

Density. The weight of commercially pure aluminum (1100 alloy) is 
about 0.098 or roughly 0.1 lb per cu in. (170 lb per cut ft). The range of 


TABLE 5.4 CHEMICAL COMPOSITION OF ALUMINUM ALLOYS (PER CENT) 


Percentage of aluminum in alloys equal to remainder. 


Alloy 

Silicon 

Iron 

Copper 

Magnesium 

Manganese 

Chromium 

Zinc 

Titanium 

Other 

1100 

1.00Si+Fe 

— 

0.20 

_ 

0.05 

_ 

0.10 


0.15 

3003 

0.60 

0.70 

0.20 

— 

_i 

_ 

0.10 

_ 

0.15 

5005 

0.40 

0.70 

0.20 

0.50-1.10 

0.20 

0.10 

0.25 

_ 

0.15 

5050 

0.40 

0.70 

0.20 

1.00-1.80 

0.10 

0.10 

0.25 

_ 

0.15 

5052 

0.45 Si-f-Fe 

- 

0-10 

2.20-2.80 

0.10 

0.15-0.35 

0.20 

- 

0.15 

6053 

_ 2 

0.35 

0.10 

1.10-1.40 

_ 

0.15-0.35 

0.10 


0.15 

6061 

0.40-0.80 

0.70 

_3 

0.80-1.20 

0.15 

0.15-0.35 

0.25 

0.15 

0.15 

6062 

0.40-0.80 

0.70 

_3 

0.80-1.20 

0.15 

0.04-0.14 

0.25 

0.15 

0.15 

6063 

0.20-0.60 

0.35 

0.10 

0.45-0.90 

0.10 

0.10 

0.10 

0.10 

0.15 

43 

4.50-6.00 

0.60 

0.10 

0.05 

0.10 

- 

0.10 

0.20 

0.15 

F214 

0.30-0.70 

0.30 

0.10 

3.50-4.50 

0.30 


0.10 

0.20 

0.15 

356 

6.50-7.50 

0.40 

0.20 

0.20-0.40 

0.10 

- 

0.10 

0.20 

0.15 


1 1.00-1.50 

2 Silicon content equals 45 to 65 per cent magnesium content. 

3 0.15-0.40 










TABLE 5.5 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES O F ALUMINUM ALLOYS 

Alloy 
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weights of other aluminum alloys is from slightly less than that of 1100 to 
slightly more. A rough check on alloy weights can be made by multiplying 
the weight of 1100 alloy by the following factors: 

0.993 for alloys 4032, 6053, 6151 

0.996 for alloy 6061 

1.01 for alloy 3003 

1.02 for alloys 2014, 2024 

1.03 for alloys 2017, 2025, 2618 

Elongation. Ordinarily used in aluminum alloys as a measure of ductil¬ 
ity, elongation is given as a percentage of original length (usually 2 in.). It 
should be remembered that elongation depends on gage distance over which 
it is measured and the shape of the test specimen. A large range is available, 
depending on alloy and heat treatment. 

Endurance limit. Sometimes called the fatigue strength, the endur¬ 
ance limit for aluminum alloys ranges from about 5,000 psi to 22,000 psi. It 
is ordinarily measured for 500,000,000 reversed cycles. 

Hardness. Usually measured with a Brinell tester, hardness ranges 
from a low of Brinell 23 for alloy 1100-0 up to Brinell 150 or more for some 
of the strong alloys. 

Impact strength. Aluminum alloys generally have good ability to ab¬ 
sorb impact without permanent set. Alloys have ability to absorb dynamic 
loads for equal elastic deflections up to eight times that of structural steel 
of equal weight and up to three times that of steel, by volume. 

Modulus of elasticity. Young’s modulus of elasticity for wrought 
aluminum alloys in tension or compression ranges from about 10,300,000 
psi to 10,500,000 psi, or about % that of steel; aluminum deflects or stretches 
about three times as much as steel of equal section. It is usually best to use 
thinner and deeper sections of aluminum than would be employed in steel 
for equal deflections. For sections of equal weight, aluminum deflects about 
Vi as much as steel. For equal deflections, aluminum weighs about Vz as 
much as steel. 

The modulus of rigidity, or ratio of shearing stress to shearing strain of 
aluminum alloys, is approximately 3,850,000 to 3,900,000 psi. 

Ultimate strength. Ultimate strengths may be obtained for almost any 
requirements of curtain walls. Range is from 13,000 to more than 80,000 psi 
in tension and from 9,000 to almost 50,000 psi in shear. 

Yield strength. Aluminum alloys have no definite yield strength. 
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Therefore, yield strength is ordinarily assumed to be the stress in pounds 
per square inch required to produce a permanent set of 0.2 per cent. The 
compression yield strength is slightly less than the corresponding tension 
yield strength and is affected by the method of testing, the shape of the 
specimen (slenderness ratio), and the thermal history of the part. 


TEMPERATURE CHARACTERISTICS 

Effect of high and low temperatures. Elevated temperatures cause 
aluminum alloys to have lower tensile strength, yield strength, and modulus 
of elasticity, but a higher percentage of elongation. Lower temperatures 
result in higher mechanical properties and higher percentage of elongation. 

Thermal conductivity. Non-heat-treatable alloys have thermal con¬ 
ductivities generally in the range between 850 and 1,500 Btu per inch per 
square foot per degree Fahrenheit per hour at 77° F, whereas heat-treatable 
alloys range from about 900 up to approximately 1,400. The aluminum al¬ 
loys have higher conductivity than other common curtain wall materials 
(with the exception of some of the copper alloys). 

Thermal expansion. Aluminum alloys have high coefficients of thermal 
expansion, averaging about 13.0 X 10-° in. per in. per deg F for the tem¬ 
perature range between 68° and 212° F. Recommendations have been made 
for allowing %-in. clearance for expansion for every 10 ft of length. 

Thermal use limits and melting range. Aluminum alloys lose about 
50 per cent of their ultimate strength on being elevated to temperatures be¬ 
tween 400° and 600° F. Their strength decreases continuously as the tem¬ 
perature is raised. Their melting points range from 900° to 1,300° F. 

DURABILITY 

Although some aluminum alloys have more resistance to corrosion than 
others, types may be obtained within the range of properties available that 
will satisfactorily resist the corrosion to which curtain walls are exposed (see 
Table 5.5). Corrosion is resisted by a very thin, tough oxide of aluminum that 
forms on surfaces exposed to air or oxygen. This process of oxidation begins 
immediately after the aluminum product is fabricated, if oxygen is present. 
As this coating increases in thickness, the resistance to corrosion increases 
until, after a relatively short time, no further oxidation occurs. If the film is 
broken, the portion exposed to the air quickly reoxidizes, regaining its pro¬ 
tective coating. 
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Life expectancy. Under ordinary conditions affecting curtain wall in¬ 
stallations, aluminum will last indefinitely. Of course, the type of atmosphere 
to which the product is exposed has a direct relation to the amount of cor¬ 
rosive attack. The alloys with large proportions of aluminum are highly re¬ 
sistant to corrosion, as are those containing magnesium (widely used for 
seacoast installations). Alloying elements such as chromium, manganese, 
and silicon either increase corrosion resistance or have no effect on it. The 
alloys with copper as a major ingredient are least resistant, in general, and 
are not used in curtain walls except in their clad form. Iron and tin in an 
alloy also decrease the resistance. Tests of such common alloys as 3003 for 
a period of ten years (Fig. 5.2) have shown that in seacoast installations cor¬ 
rosion penetrated to a maximum depth of only 6 mils (0.006 in.) and reduced 
the tensile strength a maximum of 3 per cent. In industrial atmospheres the 
maximum depth was less than 4 mils with a maximum strength reduction of 



Exposure time, 

10 20 30 40 50 

years 



• Average depth ---Maximum depth 

Fig. 5.2 Effects of weathering on aluminum 
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Fig. 5.3 Appearance of 


d. 

aluminum in curtain walls 


a. Port Columbus Airport, Columbus, Ohio 

b. Republic National Bank, Dallas, Tex. 

c. Equitable Life Assurance Co. Building, San Francisco, Calif. 

d. Olivetti Building, Milan, Italy 











































THE MATERIALS: ALUMINUM 


127 


6 per cent; in rural areas the maximum depth was only about 1 mil with a 
resulting loss of strength of about 1 per cent. 

Galvanic corrosion. Aluminum is subject to galvanic corrosion when 
placed in contact with other metals lower in the galvanic scale than itself. 
These include all common metals except zinc and magnesium. The amount 
of corrosion is increased in relation to the distance between the two metals 
in the scale, the amount of contamination in the electrolyte, and the area of 
aluminum compared to the area of the dissimilar metal that acts as the 
cathode. In installations where steel and aluminum are in proximity, an area 
of steel that is small relative to the aluminum will produce very little gal¬ 
vanic corrosion. 

Galvanic conosion can be reduced or eliminated completely by using in¬ 
sulators to prevent current flow from one metal to the other, and by pre¬ 
venting the drainage of water from the cathodic material on the aluminum. 

Chemical corrosion. Although chemical corrosion is of little concern 
to the curtain wall designer, it is useful to know that aluminum alloys are 
resistant to most common chemicals, including organic acids. However, the 
alloys are not very resistant to mineral acids and require special treatment 
if these are present. 

APPEARANCE 

The natural appearance of aluminum alloys is gray but processes are now 
available for producing many textures, degrees of brightness, or reflectivity, 
and colors throughout the spectrum. The processes include various anodiz¬ 
ing techniques and porcelain enameling. Figure 5.3 gives an indication of 
the variety of surfaces possible. 

Color. Until a few years ago, the only lasting colors available were 
variations of the natural gray and a few shades of green. Color anodizing is 
a fairly inexpensive method of coloring aluminum but is somewhat limited 
in range, life expectancy, and controllability. Porcelain enamel, however, 
opens up the entire spectrum to the designer. It is more expensive but also 
more permanent. 

Finishes and textures. Process finishes available include sandblasted, 
ground, hammered, buffed, and brushed. Aluminum lends itself as readily 
to small embossed patterns as to large figures. The natural finish of hot- 
rolled products shows some discoloration and darkening. Ordinarily, cold- 
finished products are more uniform. Extruded parts are somewhat similar 
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in appearance to cold-finished parts and may also show striations. Castings 
have naturally uniform surfaces, with die castings smoother than the other 
types. 

Reflectivity. Various reflectivities may be obtained with aluminum 
alloys. These vary with the alloy, type of finish, and protective treatment 
used. The highest reflectivity available commercially (over 80 per cent) is 
to be found in high-purity aluminum that has been polished, brightened, 
and anodized for use in reflectors. 

Waviness. Aluminum sheet, in common with all sheet metal, tends to 
show deviations from flatness, or warpage. Resulting primarily from defects 
in fabrication and temperature changes, waviness can be a major problem 
in curtain wall design. Proper design of panels—including embossing and 
lamination to strong cores-will minimize the effects, as will the use of 
smaller panels. 

SIZES OF ALUMINUM PRODUCTS 

Products fabricated of aluminum alloys are available in a great number 
of standard sizes and shapes. Special configurations also abound at extra 
costs ranging from fairly low for extruded parts to fairly high for stampings 
or castings requiring made-to-order dies or molds. Table 5.6 gives the sizes 
and types of aluminum materials commercially available. 

STANDARD PRODUCTS AVAILABLE 

Aluminum alloys are available in all the usual metal forms, including 
rolled or extruded structural shapes, sheet, plate, foil, and tubing. Table 5.6 
gives data on the average and maximum sizes recommended for curtain wall 
use, and the maximum sizes available commercially. 

Plate. In aluminum, flat products 0.25 in. or more in thickness are 
known as plate. 

Sheet. Flat products from 0.006 to 0.249 in. thick are known as sheet. 
Sheet is available in two forms, flat and coiled. Also available are other 
special sheet forms, such as corrugated, reflector, and clad sheet. Coiled 
sheet is ordinarily available up to 0.125 in. thick. 

Foil. Foil is a flat product rolled thinner than sheet. Commercial pro¬ 
duction ranges from about 0.00017 to 0.0059 in. 

Rod and bat. Hot-rolled and subsequently cold-drawn products pro- 
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duced in forging and nonforging types in standard sizes from 1% 6 to 6 in. 
in diameter are called rod and bar. 

Forging stock. Forging products are furnished in a variety of forms. 
Round forging stock below % in. in diameter is called forging round; larger 
stock is called forging rod. Square, rectangular, hexagonal, or octagonal 
shapes % in. or more in diameter are called forging bar and may be rolled or 
extruded, whereas forging rod is almost always rolled. 

Wire. Wire products are usually less than % in. across the flats, al¬ 
though slitted wire may be larger. 

Tubing. Tubing is furnished with hollow round, square, rectangular, 
and other cross sections. Size is controlled by inside diameter and wall 
thickness. Seamless tube is extruded from drilled, pierced, or cast hollow 


TABLE 5.6 SIZES OF ALUMINUM PRODUCTS FOR CURTAIN WALLS 



A 

Recommended and Maximum Sizes 



Recommended sizes for 

Maximum sizes 



curtain walls, 

available. 


Product 


in. 

in. 

Remarks 


Average 

Maximum 




W X L 

W X L 

w X L 


Extrusions 

(a) X 72 

(b) X 192 

(c) X Any reasonable (a) Width con- 

Castings 1 



length 

tained in 8-in. 
diameter circle 

(b) Width con¬ 
tained in 23-in. 
diameter circle 

(c) Width con¬ 
tained in 39-in. 
diameter circle 

48 X 60 

60 X 84 

72 X 120 

Roll formed 


shapes 
Press brake 

24 X 1 story 

36 X 1 story 

52 X sheet length 


shapes 

48-60 X 144 

72 X 168 

Sheet width X length 


Sheet metal. 



of press 


general 

Anodized 

48-60 X 144 

72 X 144 

See sheet metal sizes 


shapes 

Die-formed 

48 X 144 

60 X 144 



(stamped) 

shapes 

60 X 144 

72 X 192 

Size of available press 



1 %6-in. thickness for 48 X 60; %-in. for 60 X 84; *4-in. (+) for 72 X 120. 
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TABLE 5.6 SIZES OF ALUMINUM PRODUCTS FOR CURTAIN WALLS -continued 


B 

Aluminum Alloy No. 1100, Average Sizes and Weights 1 


Brown & Sharpe 

Thickness, 

Maximum available 

Weight, 

gage No. 

in. 

width, in. 

psf 

34 

0.006 

30 

0.085 

33 

0.007 

30 

0.099 

32 

0.008 

30 

0.113 

31 

0.009 

30 

0.127 

30 

0.010 

36 

0.141 

29 

0.011 

36 

0.155 

28 

0.012 

36 

0.169 

27 

0.014 

36 

0.198 

26 

0.016 

36 

0.226 

25 

0.018 

36 

0.254 

24 

0.020 

42 

0.282 

23 

0.023 

42 

0.324 

22 

0.025 

48 

0.353 

21 

0.028 

48 

0.395 

— 

0.031 

48 

0.437 

20 

0.032 

60 

0.452 

19 

0.036 

60 

0.508 

18 

0.040 

60 

0.564 

17 

0.045 

60 

0.635 

— 

0.047 

60 

0.663 

16 

0.051 

60 

0.720 

15 

0.057 

60 

0.804 

— 

0.062 

60 

0.875 

14 

0.064 

60 

0.903 

13 

0.072 

60 

1.02 

— 

0.078 

60 

1.10 

12 

0.081 

60 

1.14 

11 

0.091 

60 

1.28 

— 

0.094 

60 

1.33 

10 

0.102 

60 

1.44 

— 

0.109 

60 

1.54 

9 

0.114 

60 

1.61 

— 

0.125 

60 

1.76 

8 

0.128 

60 

1.81 

— 

0.141 

60 

1.99 

7 

0.144 

60 

2.03 

— 

0.156 

60 

2.20 

6 

0.162 

60 

2.29 


1 To obtain weight of other alloys, multiply weights given by factors listed on p. 123. 
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ingots. It is commercially available in lengths up to 30 ft but may be had on 
special order up to 80 ft or longer in some sizes. 

Extrusions. Extrusions are made by forcing metal heated to a plastic 
state through dies. Rod, bar, seamless tubing, and many other standard ex¬ 
truded shapes are available. 


FABRICATION 

Aluminum alloys generally have excellent working properties and are easy 
to cast, extrude, and form; they can take extreme draws. Naturally, they 
vary in characteristics. Higher-strength alloys require more power for work¬ 
ing. Comparative data is given in Table 5.7. 

TABLE 5.7 WORKABILITY OF ALUMINUM ALLOYS 


A superior; B—excellent; C—good; D—fair; E—not recommended. 



1100 

3003 

5005 

5050 

5052 

6053 

6061 

6062 

6063 

43 

F214 

356 

Cold working 

A 

B 

B 

B 

B 

E 

B 

B 

E 

E 

E 

E 

Hot working 

C 

C 

E 

E 

E 

B 

B 

E 

E 

E 

E 

E 

Casting 

E 

E 

E 

E 

E 

E 

E 

E 

E 

A 

A 

A 

Cutting 

A 

B 

B 

B 

B 

C 

B 

B 

C 

C 

C 

C 

Welding 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

B 

A 

Brazing 

A 

A 

E 

B 

C 

A 

A 

A 

A 

E 

E 

E 

Soldering 

A 

A 

A 

B 

C 

A 

A 

B 

A 

E 

E 

E 

Riveting 

B 

B 

B 

B 

B 

B 

B 

B 

B 

E 

E 

E 

Machining 

C 

C 

B 

C 

C 

B 

B 

B 

B 

D 

B 

D 


Casting. Used for many architectural applications in the past, alumi¬ 
num castings have not been utilized in contemporary curtain walls to any 
great extent. Although they provide effects not exactly duplicated by other 
methods, their higher cost has generally ruled them out. They use more 
metal than formed or extruded parts because they must usually be % in. or 
more in thickness; pattern making is an expensive hand operation; equip¬ 
ment is large and costly to construct and operate; and casting surfaces are 
usually more difficult to finish than other forms of aluminum. When castings 
are to be used, the designer should take the following facts into considera¬ 
tion: 

1. The smaller the size (down to about 4x6 ft), the lower the cost. 

2 . The fewer the changes in molds, the lower the cost. 
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3. Anchors, stiffeners, and the like may be cast integrally with the part. 

4. Fairly uniform thickness is desirable. 

5. If changes in thickness are necessary, they should be gradual. 

6 . Allowance must be made for draft and shrinkage for easy molding of 

7. Undercuts cannot be molded. 

8. Repairs may be necessary on the part faces. 

9. For lower cost, finishing should be kept to a minimum. 

10. Sharp angles must be avoided by the use of fillets. 


Casting alloys are not designated by the same system as wrought alloys; 
they retain the numbers used before the new wrought system was put into 
effect. The alloy used most often for architectural casting is number 43 
Alloy number 214 closely matches 6063 extrusions and may be anodized. 
Alloy 356 is a higher-strength type and is heat-treatable. 

Drawing. Aluminum alloys have good drawing characteristics. Draw¬ 
ing results in a substantial reduction in cross section and causes the materials 
to work-harden, increasing mechanical properties and decreasing workabil¬ 
ity. Alloys with high elongation characteristics can usually be drawn more 
easily and can withstand deeper draws. 

Extrusion. The extrusion method of fabrication is widely used for 
many curtain wall components because almost any contour within certain 
size limits can be formed by this method and because the result is a superior 
product that is light in weight and engineered to close tolerances. Because 
of the fairly low cost of dies for special shapes and the availability of a num¬ 
ber of standard shapes, extruded parts are used in many stock and custom 
curtain wall schemes. Extrusions can be obtained in any size circumscribed 


GOOD RATIO 
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Fig. 5.4 Extrusions: Ratios of width to depth for economy and ease of fabrication 
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by a 23-in. circle (and sometimes larger), and to lengths of 110 ft. The prac¬ 
tical recommended sizes are somewhat lower and are determined largely 
by the requirements for heat-treating, handling, and shipping as well as 
the economics of production. 

Parts are limited in cross-sectional area by the power of the extrusion 
press. Ordinarily, the maximum size is 15 sq in. Parts are also limited to 
certain ratios of width to depth. In small parts this is about 1:3 and in larger 
ones about 6.7:1, or a depth of about 15 per cent of width (Fig. 5.4). 

Advantages of aluminum extruded parts are the following: 

1. An almost infinite variety of shapes is possible 

2 . Freedom of design can be had at relatively low cost 

3. Sharper corners are possible 

4. Anchors, lugs, and the like can be formed integrally with the part 

5. Long shapes are economically feasible 

6 . Parts may be hollow or solid 

7. Large sections may be folded for extrusion, then flattened after proc¬ 
essing. 

The most common alloy used for architectural extrusion is number 6063, 
which is low in cost and can be heat-treated for increased strength. For a 
very high-strength alloy, comparable in properties to structural steel, alloy 
6061-T6 is often used. 

Forging. Certain types of aluminum alloys are extremely well suited 
to forging, a process that has not been used to any extent in curtain walls but 
might be considered for certain applications. Forging alloys might be ranked 
in order of working qualities as follows: 


BEST 

GOOD 

ACCEPTABLE 

6151 

2018 

2017 

7070 

6053 

2014 

2025 

4032 



Forming. Aluminum alloys have excellent forming characteristics. 
Some types do not work-harden appreciably when formed on press brakes 
or by other methods and therefore will not ordinarily require a subsequent 
anneal. Formed products are the most widely used type of aluminum for 
curtain wall facings. Simple formed shapes cost only slightly more than flat 
sheet. In more expensive or larger buildings, forming may be used to fabri¬ 
cate a complete curtain wall unit composed of a face with flanged edges to 








134 


GOOD RATIO poOR RATIO 



Fig. 5.5 Brake formed metal: Ratios of width to depth for economy and ease of fabrication 

act as the structural frame of the unit. Patterns may be stamped or rolled 
into the face to produce various effects and minimize distortion and wavi¬ 
ness. 

For brake-formed components, the gage of metal is ordinarily selected 
on the basis of the maximum dimensions of the panel. For these parts to be 
economical, the ratio of width to depth cannot exceed about 50 per cent 
(Fig. 5.5). If the desired result requires a thinner part, the ratio can be made 
smaller, but costs will increase. 

In formed parts, some portions of the sheet may be deformed consider¬ 
ably, whereas others are hardly changed. This condition can result in non- 
uniform stresses being set up within the panel, leading to further distor¬ 
tions that may be aggravated by subsequent temperature changes within 
the wall. 

Sharp comers are impossible in formed metal. The radius of bend is con¬ 
trolled by the gage of the metal—the heavier the gage the more radius 
required (Table 5.8). Larger radii are often required than would be neces¬ 
sary in steel of equivalent thickness. 

Often ribs are introduced on the backs of panels in order to reduce the 
gage of metal required for a given installation. When the size of a panel 
increases much beyond 4 ft in either dimension, it will often be more eco¬ 
nomical to laminate the material to a core or introduce 1- to 1%-in. ribs 
rather than increase the gage. 

Alloy 3003 is most often used for formed sheet. This material has good 
mechanical properties and good corrosion resistance; it can take severe 
bending operations. For installations requiring higher strength, alloy 5052 
may be used. 
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TABLE 5.8 RADII FOR BENDS OF ALUMINUM ALLOYS 


Figures represent approximate minimum radii for 90-deg cold bends of aluminum alloy sheet, using good tools 
on conventional equipment. Actual values should be determined by forming under existing shop conditions. 





Sheet thickness (T) 



Alloy and 

0.076 

0.032 

0.064 

0.125 

0.187 

0.250 

temper 



Minimum radius , 
in. 



1100-0 

3003-0 

5050-0 

0 

0 

0 

0 

0 

0 

1100-H12 
1100-H14 
3003-H12 
5050-H22 
5052-0 
6061-0 

0 

0 

0 

0 

0-17 

0-17 

3003-H14 
5050-H32 
5052-H32 

0 

0 

0 

0-1T 

0-17 

y 2 -m 

1100-H16 
5050-H34 
5052-H34 

0 

0 

0-17 

y 2 -iy 2 T 

1-27 

1 Y 2-37 

3003-H16 
5050-H36 
6061-T4 

0-17 

0-17 

y 2 -iy 2 T 

1-27 

i y 2 -37 

2-47 

1100-H18 
5052-H36 
6061-T6 

0-17 

y 2 -iy 2 T 

1-27 

U/2-37 

2-47 

2-47 

3003-H18 
5050-H38 
5052-H38 

y 2 -i v 2 t 

1-27 

i y 2 -3T 

2-47 

3-57 

4-67 


Aluminum alloys are often roll-formed and are available in many cor¬ 
rugated, ribbed, fluted, and other standard patterns. The alloys most often 
used are 1100, 3003, and some clad types. 

Rolling . Ordinarily performed at the mill, rolling is used to manufac¬ 
ture mill products such as structural shapes, sheet, plate, rod, bar, and the 
like. 

Stamping. In curtain walls, the use of stampings is usually confined to 
large jobs, where the cost of the special dies required can be justified. In 
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stamping operations, the metal is held at the edge and drawn into the die 
to achieve the conformation desired. 

Machining. Most wrought aluminum alloys have excellent machining 
characteristics, and the free machining types can be worked ten times as 
fast as steel. 


HEAT TREATMENT 

Annealing. Annealing of aluminum alloys is most often used for main¬ 
taining the alloys in their softest temper for maximum formability. Strain¬ 
hardening due to working can be removed from most types by heating to 
about 650°-750° F and slowly cooling to a temperature of about 500° F, 
below which the rate of cooling is not important. 

Tempering. Tempering of aluminum alloys may be accomplished by 
strain-hardening or work-hardening, and of the heat-treatable types by 
solution heat treatment. Either way, the final result is a product with in¬ 
creased mechanical properties and hardness. Solution heat treating' is ac¬ 
complished by raising the temperature of the alloy to specified levels, then 
quenching rapidly in liquid. 

Artificial aging. Some alloys may be given higher mechanical proper¬ 
ties by artificial aging, a process involving heating and holding the tempera¬ 
ture of an alloy to a range of 240°-380° F for a certain time (depending on 
the alloy), and allowing it to cool slowly. 


FASTENERS 

Bolting. Aluminum components are sometimes fastened with bolts. 
The most important use of bolts in curtain walls is for fastening wall assem¬ 
blies to the primary structure of the building. 

Brazing. In aluminum brazing, the parts to be joined are heated with 
a torch or in a furnace to a temperature at which low-melting brazing alloy 
(wire, sheet, or cladding) melts and forms the weld. The process is relatively 
inexpensive, strong enough for thin gage materials, and has little effect on 
corrosion resistance. It may be used for most non-heat-treatable and mag¬ 
nesium-silicon alloys; strong alloys can be heat-treated after brazing. 

Mechanical joints. Aluminum in curtain walls may be joined by any of 
the common types of mechanical joints, such as the Pittsburgh (see Chap. 9, 
Fig. 9.7). 
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Riveting. A widely used and highly effective method of joining, alumi¬ 
num, riveting can be accomplished with aluminum rivets. It is considered 
good practice to use rivets of the same alloy as the parent metal. The most 
commonly used alloys for rivets are 1100 and 3003. Also used quite exten¬ 
sively are 2017, 2117,2024, 6053, 6061, and 5056. Riveting is done by normal 
procedures, and rivets may be driven hot or cold depending on the alloy 
used. Rivet holes should provide a minimum clearance of 0.10 in. 

Screw fastening. Aluminum sections are often fastened with alumi¬ 
num screws. The most common alloy used is 2024, which has high tensile 
and shear strengths. To prevent seizing, screws should be anodized or 
greased with a recommended compound. Many patented types of fasteners 
are available, including blind fasteners (often valuable aids in design). 

Soldering. Soldering is sometimes used to fasten aluminum but has 
few applications in the curtain wall. If an application is considered, atten¬ 
tion should be given to melting points, composition of solders, chemical 
activity, and galvanic corrosion. 

Welding. Aluminum alloys may be welded by all of the commonly 
used methods, but some are more satisfactory than others. Corrosion at the 
joint may be a problem. For the highest quality finishes, welding may prove 
impractical because of corrosion and weld finishing problems. 

Gas welding. Gas welding may be used for material 0.032-in. thick or 
over. Thinner sheet should be resistance- or seam-welded. For strain-hard¬ 
ened or heat-treated alloys, the weld will have less strength than the parent 
metal. Thin material should be warmed, and thicker components should be 
heated to 500°-700° F to prevent cracking and reduce gas consumption. 
Recommended for high-purity aluminum are 1100, 3003, 6053, 6061, 5052, 
in that order. Fluxes are highly corrosive and should be removed immedi¬ 
ately with steam, boiling water, or an acid bath of dilute nitric acid or 5- 
per cent sulfuric acid. 

Arc welding. Arc welding is recommended for the same alloys as gas 
welding. Heavier gages should be preheated to 250°-400° F. A short arc 
should be used, with heat concentrated in a small area to prevent excessive 
expansion. 

Inert-gas shielded-arc welding. Inert-gas shielded-arc welding has 
some advantages over other types. It requires no flux, gives sounder welds 
with higher mechanical properties, can be used in any position, and can 
be put on a production-line basis. This type of welding is coming into wider 
acceptance and is now being used for almost all fusion welding. 
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Spot welding. All alloys of aluminum may be spot welded. Oxide films 
should be removed first. If corrosion resistance is important, clad alloys are 
often used. The high thermal properties of aluminum require high welding 
currents and extremely short discharge times. 

Butt welding and flash welding. Butt welding (accomplished by hold- 
ing materials in contact under pressure and applying current to cause melt- 
ing at the intersection) and flash welding (which is similar except that cur¬ 
rent is applied while the parts are coming together) may both be used for 
joining aluminum alloys. These methods are not too satisfactory with high- 
copper alloys because they impair the resistance to corrosion. 

Dissimilai materials. If aluminum is placed in contact with a dis¬ 
similar metal or if moisture can drain on the aluminum surface from another 
metal, special precautions must be taken to prevent galvanic corrosion. 
Methods recommended are to: 

1. Place nonabsorptive tape or gasket between the metals 

2 . Use high-quality caulking or sealer in the joint 

3. Paint with heavy bituminous paint 

4. Paint with zinc chromate primer followed by two coats of aluminum 
metal paint or similar product with no lead pigmentation. 

If aluminum is in contact with masonry, concrete, or mortar, the affected 
surfaces should be coated with heavy bituminous paint or water-white 
methacrylate lacquer. 

Wood in contact with aluminum should be treated with 5-per cent 
pentachlorophenol, Wolman salts, creosote, or zinc napthenate, then painted 
with two coats of aluminum metal and masonry paint or heavy bituminous 
paint. 

FINISHING 

Finishes for aluminum may be classified as mechanical, inorganic, and 
organic. After fabrication, the surfaces of the parts ordinarily show varia¬ 
tions of texture and color. Different alloys have different natural finishes. It 
is highly possible for a product from one billet to have a finish different from 
that of a similar product from another billet. Production and fabrication 
processes are responsible for these variations. For curtain wall work, in 
which appearance is important, most aluminum products are given one or 
more controlled treatments to insure the uniformity and the texture re- 
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quired, and sometimes to impart color. In selecting a finish, the following 
should be considered: (1) Budget, (2) function of part, (3) form of aluminum, 
and (4) fabrication to be done after finishing. 

Mechanical finishes. Mechanical finishes ordinarily increase dirt ac¬ 
cumulation and decrease corrosion resistance. The most common of these 
are: 

1. Mill finish-Not suitable for most curtain wall installations, because it 
roughens and dulls, collecting dirt. May be used in applications where ap¬ 
pearance is not important. 

2. Satin finish (C-l finish)—Soft, smooth appearance with fine parallel 
lines resulting from wire brushing in one direction. Difficult to keep uniform 
on large areas. 

3. Sand burnished finish (N finish)—Fine, uniform matte created by agi¬ 
tating parts with sand, gravel, and steel balls. 

4. Scratchbrush finish—A texture obtained by rotating wire brushes, ordi¬ 
narily fairly rough, but amount of roughness can be controlled to some ex¬ 
tent by varying the size of wires in the brush. 

5. Polished finish—High-luster finish obtained by a series of operations 
involving grinding, roughing, and buffing with abrasive and buffing wheels 
(costly). 

6. Sandblasting (G-2 finish)—Finishes of various roughness obtained by 
blasting objects with abrasives or sand (inexpensive but accumulates dirt). 

7. Spin finishing—A pattern of concentric circles obtained by revolving 
part while holding abrasive against the surface. May be further polished 
with stainless steel wool or other means. 

8. Caustic etching (R-l finish)—Not a mechanical finish, but gives ap¬ 
pearance similar to some of the above and very much like etched glass. 
Sometimes called “frosted.” Accomplished by immersion in sodium hydrox¬ 
ide. Must be coated with clear lacquer to retain appearance (inexpensive). 

Inorganic finishes. Inorganic finishes are of four general types: (1) 
Chemical, (2) electrochemical, (3) electroplating, and (4) porcelain enamel. 

1. Chemical finishes—The major types of chemical finishes are chromatiz- 
ing and phosphatizing (used to prepare aluminum surfaces for painting) and 
chemical oxidizing (used to produce a hard aluminum oxide or salt on the 
surface). Chemical oxidizing processes involve immersion of the parts in 
various chemical solutions, which react with the aluminum to produce coat- 
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ings that are clear or have a limited color range. Colors available are black, 
grays, and greens. Another frequent chemical treatment is chemical polish¬ 
ing, in which highly reflective polished surfaces are produced by dipping 
parts in hot chemical solutions. These surfaces are resistant to subsequent 
oxidation. 

2. Electrochemical finishes—Often called anodizing, electrochemical fin¬ 
ishes are used-widely in curtain wall work. The part is placed in an elec¬ 
trolyte, such as sulfuric or chromic acid, and used as an anode. By passing an 
electric current through the circuit, a hard, tough layer of oxide is built up 
on the surfaces. Thickness for exterior work should be 0.0008 to 0.0009 in. 
(0.8 to 0.9 mil), with a coating weight of about 35 mg per sq in. For interior 
work, the coating thickness and weight may be half these values. Anodizing 
changes the color of aluminum very little, but color anodizing processes 
are. now available within a limited range. Immediately after anodizing, while 
the coating is still porous, the part is placed in a color bath. The color per¬ 
meates the coating, which is then sealed. Exact color matches are difficult to 
achieve, but the surface is extremely hard and weathering qualities are good. 
Colors are usually applied over an R-l caustic etched surface. 

3. Electroplating—Electroplating of aluminum is accomplished in the 
usual manner, except that a zinc coating is applied before plating. 

4. Porcelain enamel—A recent development, porcelain enamel on alumi- 
num gives the curtain wall designer a full color range of high permanence 
(for a full discussion of the process, see Chap. 6). 

Organic finishes. Organic finishes or paints are the least expensive fin¬ 
ishes for aluminum. The most commonly used for colors are synthetic lac¬ 
quers. For transparent finishes, alkyds or methacrylate lacquers are used 
(see Chap. 8). 


CLEANING AND PROTECTION 

Aluminum parts having mechanical, caustic etch, and sometimes chemical 
or electrochemical finishes are often protected with a sprayed coating of 
clear methacrylate lacquer. Two coats of 0.6-mil total thickness are usually 
specified, and the lacquer is left on the surface after erection. Cleaning of 
erected curtain wall components may usually be accomplished with mild 
soap and water; if the wall is extremely dirty, stainless steel wool (00 or 
finer), liquid wax, or cleaners recommended by the wall manufacturers may 
be used. 








Fig. 5.6 Formed and flat aluminum panels (Aluminum Cooking Utensil Co. Building, Kansas City, Mo.) 


TESTS 

Tests for mechanical properties of sheet products are usually made at 90 
deg to the direction of the grain (or to the direction of rolling). Properties 
are usually higher with the grain because of the elongation of the grain and 
the better orientation and stretching and straightening accomplished in 
working. The intermediate tempers of non-heat-treatable alloys are an ex¬ 
ception; these are tested with the grain because there is usually more varia¬ 
tion of properties in that direction. Mechanical properties of coil are usually 
lower than those of sheet because flattening and straightening operations 
on the sheet induce some degree of strain-hardening. 


POTENTIALITIES AND LIMITATIONS 

In almost all its available forms, aluminum can be utilized for various 
components of curtain walls as well as for complete assemblies (see Fig. 5.6 
and 5.7). Structural shapes, tubing, and other forms are used for curtain wall 
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framing. Castings, extrusions, and sheet metal (flat or formed) are used for 
facings. As foil, aluminum can be used for insulation; as honeycomb, it can 
become a core for laminated panels. Extrusions are used for window ele¬ 
ments and complete assemblies. Most forms can be used for sun-shield de¬ 
vices (Fig. 5.8). Aluminum fasteners of various types are available. It is 
possible to visualize a complete wall in which the only major component not 
made of aluminum would be the glazing. 

The advantages of aluminum are the following: 

L Lightness Allows fabrication and erection of large sections, with 
fewer joints 

2. Variety of appearance—Many textures, finishes, color available 



VERTICAL SECTION 

Fig. 5.7 Aluminum curtain wall, sections (Simms Office Building, Albuquerque, N.M.) 

3. Workability—Available in many forms, easily worked 

4. Low labor costs 

5. High strength-weight ratio 

6. High corrosion resistance 

7. High weather resistance 

8. Easy transportation and handling 

9. Wide range of physical and mechanical properties 

10. High salvage value. 

The limitations of aluminum are the following: 

1. Knowledge of use-Designers must become familiar with the particular 
qualities of aluminum in order to obtain economical designs 





































Fig. 5.8 Aluminum sun shields (York Laboratory, York, Pa.) 


2. Resistance to wear—Less than ferrous metals 

3. Cost of material—Fairly high, particularly with special finishes or color 

4. Thermal properties—Coefficient of expansion and conductivity high, 
.creating some problems of clearances and heat transfer 

5. Melting point—Fairly low; may create some problems in fires. 

DESIGN CONSIDERATIONS 

Questions the designer should study before selecting aluminum for cur¬ 
tain wall components are the following: 

1. What is to be accomplished? 

2. What is the budget? 

3. What fabrication is involved? 

4. What form of aluminum will be used? (Size of the job and budget will 
help determine the answer to this question. Do not attempt a decision until 
sufficient data have been assembled.) 

5. What method will be used to achieve flatness? 

6. What methods are suitable for fastening? 
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7. What clearances will be necessary to allow for the high rate of ex- 
pansion? 

8. What can be learned through conferences with producers? 

SPECIFICATIONS 

In specifying aluminum materials, the following items should be enum¬ 
erated: 

1. Alloy (by number) 

2. Strength 

3. Finish 

4. Dimensions 

5. Weight (per linear foot) 

6. Thickness (in inches) 

7. Section shape 

8. Protection 

For suggested curtain wall specifications, see Chap. 9. Specifications for 
aluminum are listed in Appendix D. 

ECONOMICS OF SELECTION 

Points to be remembered in selecting aluminum products for curtain walls 
are the following: 

1. Flat sheet is the most economical type, followed by extrusions, with 
formed sheet and castings the most expensive. 

2. Parts should be designed to take advantage of properties peculiar to 
aluminum. 

3. Costs vary widely with amount of forming, degree of alloying, method 
of fabrication, type of finish, and the like. 

4. Labor charges for aluminum fabrication are about half those of steel. 

5. Material cost of aluminum (by weight) is about six times that of steel. 

6. Non-heat-treatable alloys are less expensive than heat-treatable alloys. 

7. Cost by weight of stainless steel is about 20 per cent higher and of cop¬ 
per about 91 per cent higher than that of aluminum. 

8. A good rule of thumb is to use about one-third to one-half as much 
aluminum (by weight) as steel. 

9. Economies may be had by adhering to the size recommendations given 
in Table 5.6. 
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Fig. 5.9 Stainless steel curtain wall (U.S. Steel Co. Research laboratory, Monroeville, Pa.) 


STAINLESS STEEL 


The term stainless steel has come to refer to the almost forty AISI stand¬ 
ard grades of steel that contain 11.5 per cent or more chromium. In addition, 
there are about an equal number of variations of these standard grades. 
The major advantages of the stainless steels are: (1) Corrosion resistance, and 
(2) strength. It is largely the chromium in the alloys that imparts the stain¬ 
less qualities of the various grades. The most stainless alloys are nearly 30 
per cent chromium. 

Today, stainless steel enjoys wide use in curtain walls and curtain wall 
components (Fig. 5.9). Available types possess various characteristics of 
hardness, machinability, welding qualities, resistance to scaling, and like 
properties. The basic task of the curtain wall designer is to select the type 
best suited for the application at hand. The steel producers are the best 
source of specific information. Also, various laboratory and field tests will 
be of help. 


CLASSIFICATIONS 

The basic classification for stainless steel, as well as ordinary steel, is its 
metallographic structure. There are three types of alloys: (1) Martensitic, 
(2) ferritic, and (3) austenitic. 

Martensitic. Martensitic stainless steels are magnetic, straight chro- 
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mium steels, using little or no nickel. They are heat-treatable and attain 
their best physical and mechanical properties after hardening. They contain 
12 to 17 per cent chromium and have tensile strengths between 70,000 and 
125,000 psi in the annealed condition. The strengths may be increased to 
200,000—300,000 psi by hardening. The martensitic types are especially well 
suited for hot working and forging. They are not often used in curtain wall 
work. 

Austenitic. Stainless steels of the austenitic type, ordinarily nonmag¬ 
netic, have chromium and nickel as major alloying elements. They are not 
heat-treatable but may be hardened by working. Austenitic types are tough 
and ductile and are well adapted to deep drawing and similar methods. 
Their tensile strengths range from 75,000 to 105,000 psi, and work hardening 
will increase their strengths to over 200,000 psi in flat rolled products and up 
to 300,000 psi in other forms. The usual alloy proportions are 16 to 26 per cent 
chromium and 6 to about 20 per cent nickel. The familiar 18-8 steels, con¬ 
taining approximately 18 per cent chromium and 8 per cent nickel, are of 
this type. These stainless steels are widely used in curtain walls. 

Ferritic. Ferritic stainless steels ordinarily have properties falling be¬ 
tween those of the other two types. They are not hardenable by heat treat¬ 
ment, but can be slightly hardened by cold-working, which also increases 
their ductility. The tensile strength range for ferritic stainless steels is 
65,000—85,000 psi, and they contain about 18 to 30 per cent chromium. Fab¬ 
rication of these steels is not difficult. Grade 430 is often used in curtain 
wall work. 

Grades of stainless steels. Standard grades of stainless steels are classi¬ 
fied according to numbers assigned by the American Iron and Steel Insti¬ 
tute. Grades that are new or experimental are usually given names or num¬ 
bers by their originators until accepted by AISI. The series are as follows: 

1. 200 Series-Corrosion-resistant, strong grades alloyed with chromium 
and nickel, but with nickel content reduced considerably (the newest series 
designated). 

2. 300 Series—Austenitic types alloyed with chromium and nickel. Usually 
the most corrosion resistant. Medium to high strength. 

3. 400 Series-Ferritic and martensitic types, alloyed with chromium. No 
nickel in most types. Somewhat less corrosion-resistant than 300 series. 
Medium to highest strength. Martensitic grades are heat-treatable; ferritic 
are not. 

The most important grades are given in Table 5.9. 
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TABLE 

5.9 CLASSIFICATION 

OF STAINLESS 

STEELS 



Series 

Type 

Typical grades 

Major alloying elements, per cent 

Chromium Nickel 

300 

Austenitic (chromium- 

301 

16 

-18 

6- 8 


nickel) 

302 

17 

-19 

8-10 



303 

17 

-19 

8-10 



304 

18 

-20 

8-12 



310 

24 

-26 

19-22 



316 

16 

-18 

10-14 



347 

17 

-19 

9-13 

400 

Ferritic (chromium) 

405 

11J 

5-14.5 




430 

14 

-18 




430F 

14 

-18 




446 

23 

-27 



Martensitic (chromium) 

410 

11.5-13.5 




416 

12 

-14 




420 

12 

-14 




440 

16- 

18 



Use classifications. Stainless steels may be grouped according to their 
most important qualities as follows: 


1. Free machining—303, 430F, 416 

2. Corrosion resistance—316 

3. Modified for welding—304, 321, 347, 405 

4. Elevated temperatures—310, 446 

5. Cold-working—301 

6. Hardenable by heat treatment (martensitic)—420, 440A, 440B, 440C 

7. General purpose-302, 430, 410 (50 per cent of total use of stainless 
is in these 3 grades). 

While all stainless steels are relatively corrosion resistant, 316 is recom¬ 
mended for very extreme conditions. 

The stainless steels listed are the most commonly recommended grades 
for the conditions named. However, others are available, including new 
special grades with varying combinations of properties. 

For curtain wall uses, only a few of the stainless steels are widely speci¬ 
fied. Three or four types account for most of the major applications, and two 
others are used for fasteners and small machined parts. Table 5.10 lists the 
stainless steels commonly used for curtain wall installations and their gen¬ 
eral characteristics. 
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TABLE 5.10 USE OF STAINLESS STEEL IN CURTAIN WALLS 


Grade 

Uses 

General characteristics 

Availability 1 




1 

2 3 4 5 6 

202 

Facings, spandrels, formed 

Similar in properties to 302, 




members, frames 

lower nickel content 

X 

X X X X X 

302 

Almost all curtain wall purposes 

Basic stainless steel (general 





purpose) 

X 

X X X X X 

303 

Fasteners, parts to be machined 

Free-machining modification 





of 302 


X X 

304 

Parts to be extensively welded 

Modified for welding (low 





carbon) 

X 

X X X X X 

316 

Components for highly corro¬ 





sive atmospheres 

Extra corrosion resistance 

X 

X X X X X 

430 

Components for limited-budget 

Utility grade (general pur¬ 




walls 

pose) 

X 

X X X X X 

430F 

Fasteners, parts to be machined 

Free-machining modification 





of 430 


X X 


1 (1) Sheet; (2) strip; (3) plate; (4) bar, shapes; (5) fasteners; (6) pipe t tubing. 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The properties of stainless steels vary greatly. Although corrosion resist¬ 
ance and strength are the two big selling points, their other properties may 
be of importance for particular installations. Among these are hardness, 
good short-time strength at elevated temperatures, resistance to scaling, and 
resistance to abrasion. Tables 5.11 and 5.12 will be useful to the designer 
in choosing steels for specific applications. It is important to remember that 
the most economical stainless steel will almost always be the one with the 
least chromium and nickel. 

Creep strength. The creep strength of stainless steels is good at high 
temperatures, ranging from about 1,500 psi to well over 12,000 psi, at 1,200° 
F, according to the grade. 


TABLE 5.11 CHEMICAL COMPOSITION OF STAINLESS STEELS (PER CENT) 

Percentage of iron in grades equal to remainder. Small percentages of silicon, phosphorus, sulfur in all grades. 


Grade Chromium Nickel Carbon Manganese Others 

7.5-10.0 


202 

17.0-19.0 

4.0- 6.0 

0.15 max 

302 

17.0-19.0 

8.0-10.0 

0.08-0.20 

303 

17.0-19.0 

8.0-10.0 

0.15 max 

304 

18.0-20.0 

9.0 

0.08 max 

316 

16.0-18.0 

10.0-14.0 

0.10 max 

430 

14.0-18.0 

— 

0.12 max 

430F 

14.0-18.0 

— 

0.12 max 


2.0 max 

2.0 max Small amounts of Mo, Se, Zr 
2.0 max 

2.0 max 2.0-3.0 molybdenum 
1.0 max 

1.25 max Small amounts of Mo, Se, Zr 
















TABLE 5.12 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES 
OF STAINLESS STEELS 


Property 


Grade 


302 

304 

316 

430 

Density, lb per cu in. 

0.29 

0.29 

0.29 

0.28 

Hardness (Brinell) 

Tensile yield strength (0.2 per cent off- 

160-400 

160-400 

165-275 

165-225 

set), 1,000 psi 

30-165 

30-160 

30-120 

40-90 

Tensile ultimate strength, 1,000 psi 

90-190 

85-185 

90-150 

70-110 

Young's modulus of elasticity, 10 6 psi 

28.0 

28.0 

28.0 

29.0 

Modulus of rigidity, 10 6 psi 

12.5 

12.5 

12.5 

12.5 

Elongation in 2 in., 1 per cent 

55 

50 

50 

35 

Fatigue strength, 1 1,000 psi 

30-55 

30-55 

30-55 

35-50 

Impact strength (Izod value), ft-lb 
Creep strength (for 10,000 hr with 

1 per cent elongation at 1,000° F), 

115-140 

110-130 

70-120 

20-60 

1,000 psi 

18.3 

17.0 

25.0 

8.5 

Melting point, deg F 

2,550- 

2,550- 

2,500- 

2,600- 

Thermal expansion coefficient (32° to 

2,590 

2,650 

2,550 

2,750 

212° F), in. per in. per deg F X 10 -6 
Thermal conductivity (32° to 212° F), 

9.6 

9.6 

8.9 

6.0 

Btu per hr per sq ft per deg F per in. 

113 

113 

110 

180 

Resistance to corrosion 2 

B 

B 

A 

C 


’ Elongation and fatigue strength figures are for annealed types. Amounts of elongation will be less and 
fatigue strengths higher for harder tempers. 

2 A—superior, B—excellent, C—good. 


Density. Weights range from about 0.27 up to 0.29 lb per cu in. 

Elongation. Elongation (ordinarily measured as a percentage in 2 in.) 
ranges from about 20 to 60 per cent for the various grades in their an¬ 
nealed condition, compared to about 40 per cent for carbon steel of deep 
drawing quality. 

Endurance limit. The endurance limits or fatigue strengths range from 
30,000 to 50,000 psi for the stainless steels most often used. 

Hardness. Most stainless steels are extremely hard, ranging from 
about 140-150 Brinell for annealed grade 302 up to 550-600 for heat- 
treated 440C. Work-hardening sometimes sets up strains that may deform 
the surface. 

Impact strength. Stainless steels are moderately resistant to impact 
stresses, covering a wide range from about 1 to 140 ft-lb, Izod, in the an¬ 
nealed condition. Austenitic types have the highest values, martensitic types 
the lowest. 

Modulus of elasticity. Young s modulus of elasticity for stainless steels 
is slightly less than that for structural steels. The range is 28,000,000 to 
29,000,000 psi. 





















Fig. 5.10 Yield strength of stainless steel 

Ultimate strength. Ultimate tensile strengths of stainless steels are 
very high, ranging from about 65,000 to 125,000 psi in the annealed condi¬ 
tion. Non-heat-treatable grades may be severely work-hardened up to about 
300,000 psi. Heat-treatable grades may sometimes have their ultimate 
strengths raised to the same figure by tempering. Ordinarily, the higher 
strengths are achieved in small cross sections, and strengths will be some¬ 
what lower for larger sizes. 

Yield strength. The nickel-bearing stainless steels have no clearly de¬ 
fined yield point, but the transition from elastic to plastic deformation is 
gradual, and the stress-strain curve is smooth (Fig. 5.10). For practical pur¬ 
poses the yield strength is taken as the stress required to produce a 0.2 
per cent offset. Ranges for annealed materials are 30,000 to 100,000 psi 
and 30,000 to 250,000 psi when work-hardened or heat-treated. 
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Temperature, deg F 

Fig. 5.11 Resistance to scaling 


TEMPERATURE CHARACTERISTICS 


Effect of high and low temperatures. All the grades have good 
strength characteristics at low temperatures and retain a large percentage 
of their strength at high temperatures. Properties at elevated temperatures 
vary with the alloy contents. Most grades show good short-time strengths 
to l,500 o -2,150° F, whereas carbon steels lose their useful strengths in the 
900°-950° F range, and aluminum loses half of its strength in the 300°- 
500° F range. All grades are resistant to scaling at elevated temperatures. 

Generally, the higher the chromium content, the greater the resistance (Fie 
5.11). v 8 


Thermal conductivity. The thermal conductivity of stainless steel is 
very low compared to that of other metals. Chromium-nickel types generally 
have the least conductivity, ranging at 32° to 212° F from about 110 to 120 
Btu per in. per sq ft per deg F per hr. Straight chromium grades, although 
hardly good conductors of heat, have the highest rates, ranging up to ap¬ 
proximately 175. 

Thermal expansion. The mean coefficients of expansion for stainless 
steels cover a wide range, from a low of 5.7 X IO” 8 to a high of 9.6 X 
10 _# in. per in. per deg F between 32° and 212° F. 

Melting range. The melting range of the various grades is approxi¬ 
mately 2,500°-2,750° F. 


DURABILITY 

Stainless steels are notable for their durability and are remarkably well 
suited for curtain wall use when extremely good corrosion resistance and 
weathering qualities are required. The basic architectural stainless steel, 
AISI 302, has been found highly resistant to the effects of weathering. When 
the dirt was removed from installations in place for over 30 years, the metal 
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beneath was found to be essentially unchanged. Generally, the higher the 
chromium content of a particular grade, the more resistance it will have to 
coirosion. Addition of nickel to the metal also increases resistance The de¬ 
gree of resistance is basic to the metal and will be approximately the same 
through the entire sheet. 

Life expectancy. The life of stainless steels in curtain walls is indefi¬ 
nitely long but will vary with different grades. The accepted theory of the 
stamlessness of the products is similar to that of aluminum: The chromium 
m the alloy oxidizes on the surface, forming a hard protective coating. When 
the coating is broken, the process begins again, quickly renewing the protec¬ 
tion. In practice, the steels with the lowest chromium content will eventually 
rust, although even these will resist atmospheric weathering for long 
periods. Resistance seems to be better if the surfaces are free from imper¬ 
fections and are kept clean, allowing oxygen to reach the surface. Lack of air 
stops the oxidation process and may allow corrosion to take place. For sea- 
coast installations, grades with extra amounts of molybdenum are consid¬ 
ered best. For typical ratings of the different grades for corrosion resistance 
see Table 5.12. 

Galvanic corrosion. Stainless steels are not highly subject to galvanic 
corrosion, standing very low in the scale. Other metals often need protection 
when used in conjunction with stainless. (See galvanic scale in Chap 4) 

Chemical corrosion. Generally, all grades are resistant to chemical 
corrosion, including attack by such oxidizing acids as nitric acid. They are 
not too satisfactory with reducing acids, such as hydrochloric, and with 
alogen salts (chlorine, fluorine). Deteriorative effects vary widely with 
grades used, conditions, concentration, and exposure time. 


APPEARANCE 


Color. The natural gray of stainless steels (Fig. 5.12) is considered 
ighly attractive by most individuals but may be varied if desired. Smooth 
oxide films, black in color, may be applied by several methods. Of good life 
expectancy, these films may be made to appear as a range of grays by vary¬ 
ing the percentage of metal area covered. Porcelain enameling of stainless 
products allows for a large range of colors and effects. For example, partial 
coverage of sheets is possible (leaving portions of the base metal exposed) 
This is a design alternative not obtainable with porcelain enamel on ordi¬ 
nary enameling iron. For a complete discussion of colors and finishes, see 
the section of this chapter describing finishing. 
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c. 

in curtain walls 


Fig. 5.12 Appearance of stainless steels 


a. Gatewau Center , Pittsburgh, Pa. 

b. US. Steel Co. Research Laboratory, Monroeville, Pa. 

c. Edison Junior High School, West Mifflinburg. Pa. 


Finishes and textures. Seven mill finishes are available on stainless 
sheets, from No. 1, which is clean with a soft luster but not uniform, through 
No. 8, which is highly polished. Number 1 finish is ordinarily used in curtain 
walls only for components intended to be shop-finished after fabrication. 
Many types of shop finishes are available, but they cost more than mill 
finishes. The most widely used finishes for curtain walls are 2D, which has 
a soft, dull appearance, and 2 B, which is similar but brighter. Number 4 (a 
polished finish) is often used for trim, and No. 6 (a soft brushed finish) is 
also used, although it may accumulate dirt faster than the others. Many 
standaid i oiled patterns may be obtained, varying from shallow embossing 
to deep patterns such as corrugations or fluting. Patterned or textured panels 
minimize minor imperfections but collect dirt more rapidly than smooth 
panels. Often the dirt on a pattern simply accentuates the pattern, whereas 
on flat sheets it streaks and is unsightly. 

Reflectivity. Stainless steel mill finishes exhibit a range of reflectivities, 
from the extreme matte 2D and No. 6 types to the highly polished No. 8, 
which is called a mirror finish. Of the types used in curtain walls, No. 2B 
and No. 4 have considerable brightness and may be too reflective for any but 
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the smallest areas. Moreover, No. 4 and (to a lesser degree) No. 2B reflect 
light sources as bright lines perpendicular to the direction of polishing. High 
luster also tends to magnify imperfections but may reduce dirt accumulation. 

Waviness. Stainless steel sheets, like all other sheet metal, are prone 
to warpage, waviness, and other defects of the sort. Although waviness in 
this material may be less pronounced than in some others, the defect is mag¬ 
nified by the high reflectivity of stainless and also by the tendency to re¬ 
strict its use to buildings of very high quality because of its relatively high 
cost. The visual effect of waviness can be eliminated or greatly reduced 
by lamination to strong cores, use of less reflective types, choice of proper 
gages, and use of stiffeners or textured sheets. 

SIZES OF STAINLESS STEEL PRODUCTS 

Stainless steel products for curtain walls are usually brake-formed or 
stamped. They are available in a limited number of standard sizes and 
shapes. Special components are available in great variety. Consultation with 
producers will help to establish preliminary estimates of cost and the feasi¬ 
bility of having dies made for custom designs. Table 5.13 gives the sizes 
recommended and available for use. 


STANDARD PRODUCTS AVAILABLE 

Important stainless steel mill products ordinarily available are hot-rolled 
bars and shapes, cold-finished bars, pipe, tubing, strip, sheet, and plate 
(Table 5.13). v 

Plate. Stainless steel flat products over % c> in. thick are known as plate, 
usually furnished in No. 1 finish (hot-rolled, annealed, and pickled). 

Sheet. Flat products less than %« in. thick and a minimum of 24 in. 
wide are classified as sheet. 

Strip. Strip products are less than 3 / 10 in. thick and less than 24 in. 
wide. They are available in coils and cut lengths. Strip finishes are not the 
same as sheet finishes. Number 1 is annealed and pickled; No. 2 is the same 
but is rerolled. Strip is ordinarily available on special order in finishes sim¬ 
ilar to No. 4, No. 6 and No. 7 for sheet products. 

Tubing. Tubing is fabricated with up to 30-in. outside diameter when 
welded and up to about 9-in. when seamless. Consult producers for finishes 
of particular products. Square or other sections can be formed from seam¬ 
less tubing. 
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Pipe. Stainless pipe is formed in the standard diameters and thick¬ 
nesses of the American Standards Association and in some special light¬ 
weight types. 

Cold-finished bars. Cold-finished bars are made in cold-drawn round 
(rough-turned or ground) sections and in cold-drawn square, flat, half oval, 


TABLE 5.13 SIZES OF STAINLESS STEEL PRODUCTS FOR CURTAIN WALLS 



A 

Recommended and Maximum Sizes 



Recommended sizes , 
in. 

Maximum sizes 
available, 1 
in. 

Remarks 

Product 

Average 

Maximum 



W L 

W L 

W L 


Sheet metal, 
general 

48-60 X 144 ! 

72 X 1 story 

Any reasonable 

See sheet metal 
widths and 

Roll-formed 

shapes 

24 X 1 story 

36 X 1 story 

length 

52 X sheet length 

thicknesses 

below 

Press-brake 

shapes 

48-60 X 144 

72 X 168 

Sheet width X length 
of press 


Die-formed 

(stamped) 

shapes 

60 X 144 

72 X 192 

Size of available press 



B Stainless Steel Metal Average Sizes and Weights 


Gage 3 

Thickness , 
in. 

Maximum available 
width , in. 

Weight 

psf 

14 

0.078 

72 

3.281 

16 

0.063 

72 

2.625 

18 

0.050 

72 

2.100 

20 

0.038 

72 

1.575 

22 

0.031 

66 

1.312 

24 

0.025 

60 

1.050 

26 

0.019 

49 

0.787 

28 

0.016 

48 

0.656 

30 

0:013 

38 

0.525 

32 

0.010 

36 

0.426 


1 Largest stainless steel plate produced to date: 84 in. wide X 340 in. long X 3% in. thick; weight, 25,275 
lb; for use in atomic power station. 

2 20 gage. 

3 AISI urges use of actual thicknesses rather than gage numbers. 
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TABLE 5.14 WORKABILITY OF STAINLESS STEELS 


A superior; B excellent; C—good; D—fair; E—not recommended. 


Operation 


Gage 


302 

304 

316 

430 

Cold working 

B 

B 

B 

B 

Hot working 

B 

B 

C 

B 

Cutting 

B 

B 

B 

B 

Welding 

B 

A 

B 

B 

Brazing 

C 

C 

C 

C 

Soldering 

C 

C 

C 

C 

Riveting 

B 

B 

B 

A 

Machining 

C 

C 

D 

C 


hexagon, and octagon sections. Other shapes may be obtained on special 
order. 

Hot-rolled bars and shapes. Rounds, squares, flats, angles, channels, 
and tees may be obtained in hot-rolled products. Other shapes are available 
from various mills. 

Other products. Stainless wire and other products, such as fasteners, 
are readily obtainable. 


FABRICATION 

Workability. Stainless steels are easily worked but require more power 
and slower speeds than other metals because of their high strength. The 
various grades possess a wide range of qualities (Table 5.14). 

Cutting. Stainless steels may be sheared, sawed, punched, cut with 
abrasive wheels, perforated, drilled, or tapped. They require more power 
than most other materials because of their high strength. For example, per¬ 
forating requires 75 to 100 per cent more force for stainless steels than for 
mild steels; press speeds, however, will be only 50 to 60 per cent of those 
for mild steels. Holes should not be less in diameter than the thickness of the 
metal. Recommended minimum size is a diameter of 1% to 2 times the 
thickness. Austenitic types are usually more difficult to cut. 

Drawing and stamping. Drawing and stamping operations on these 
materials require very strong dies. The chromium-nickel grades are gen¬ 
erally the best for the purpose, but most of the other grades can be drawn. 
Considerably more power is required than with other metals. Greater die 
clearance should be allowed—up to about twice that for common steel or 
brass. Speed of drawing is about half that of mild steel. Of the usual curtain 
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wall grades of stainless, No. 302 is considered good in drawing qualities, 
with 304 and 430 about equal to it. Annealing between draws is sometimes 
necessary to reduce work-hardening stresses. 

Extrusion. Extrusion of stainless steels is not often employed; how¬ 
ever, the reduced costs it makes possible may bring about wider use for cer¬ 
tain extruded parts in the future. Extrusion is limited at the present time 
to parts that can be inscribed in about a 6-in. circle. Temperatures employed 
are in the 2,000° F range. 

Forging. Forging can be readily accomplished with most stainless 
steels; but increase in alloy content usually increases the difficulty. Ferritic 
grades are considered easiest to forge, but chromium-nickel types have 
higher properties and can be forged readily. Die life is only about 75 per 
cent of that of mild steel forging dies; about 25 per cent more blows of the 
hammer are required. 

Forming. Stainless steels are easily formed by the usual methods, in¬ 
cluding rolling and brake-forming. The austenitic grades are considered as 
having the best qualities, but No. 430, a ferritic type, is-often used for shal¬ 
low forming. There are no limitations on the standard fabricating methods 
other than those applicable to all metals. Sizes are limited by the sizes of 
fabricating equipment available. In soft tempers, some grades with thick¬ 
nesses up to /4 in. may be bent flat upon themselves without failure. Allow¬ 
ances must be made for springback, which is about twice to three times that 
of mild steel. Power required ranges up to about twice that for mild steels. 
Sharper corners with smaller radii may be obtained with stainless steels 
than with other metals (Table 5.15). However, greater stresses are induced 

TABLE 5.15 RADII FOR BENDS OF STAINLESS STEELS 


Bending of stainless steel is dependent on alloys used, tempers, direction of bend (with or across grain), thick¬ 
ness of metal, and other factors. Radii of bends should be made as large as practical and test runs should be 

conducted whenever possible. 


Grades 

Minimum radius for 
sheet thickness , T, in. 

Remarks 

Chromium nickel (austenitic). 

UXT 

Thin gages 

annealed 

1 XT 

To 0.032 in. thick 


2 XT;3 XT 

Thicker than 0.032 in. 

Chromium nickel (austenitic). 

To 6 X T 

Depending on hardness 

hard tempers 


and gage 

Ferritic 

To 6 X I 

Depending on hardness, 
alloy, and gage 
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in the sharper bends, and the corners are harder to keep clean. For complex 
conformations, roll-forming is almost always more satisfactory than brake¬ 
forming. Standard roll-formed patterns may be obtained. It is recommended 
that protective coatings of plastic or paper be used on the finish side of 
sheets to minimize surface damage. 

Machining. The stainless steels may be machined. Some grades re¬ 
quire slower speeds than those for mild steel. Care must be exercised in the 
choice of tools, speeds, and feeds. 

Rolling. Shapes, rounds, squares, and other forms are available in 
hot-rolled forms. 

Stretcher-leveling. Stretcher-leveled stainless sheets, obtainable from 
mills, are recommended for flat panels in which maximum flatness is desired. 

HEAT TREATMENT 

Annealing. Annealing, including stress-relieving (a low-temperature 
anneal), is used to remove stresses caused by working or to redissolve pre¬ 
cipitated carbides, which sometimes result from welding. All types may be 
annealed and thereby restored to much or all of their ductility. Ferritic types 
require lower temperatures than do austenitic. The martensitic grades must 
be cooled very slowly to prevent rehardening. Annealing temperatures vary 
from about 1,400° F for some ferritic types to over 2,000° F for many of the 
austenitic types. Stress-relieving, performed at much lower temperatures 
(200°-800° F), is used for improving the elastic qualities of austenitic and 
martensitic types without impairing their ultimate tensile strengths. 

Tempering and hardening. Only the martensitic grades can be tem¬ 
pered and hardened. The process includes heating to the 212°-1,400° F 
range (the exact temperature depending on the grade and the degree of 
hardness required) and then quenching in oil—sometimes in air or water. 


FASTENERS 

Brazing. Brazing is sometimes employed, but is not considered a good 
method for joining stainless steel. 

Mechanical joints. Joints in stainless assemblies may be made by a 
variety of mechanical means (see Chap. 9). These joints are not recom¬ 
mended for material thicker than 0.062 in. Some mechanical joints are filled 
with solder. 
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Riveting. Although welding generally proves more satisfactory, stain¬ 
less may also be riveted. Preferably, rivet holes should be drilled and cleaned 
of burrs. Austenitic rivets up to 14 in. in diameter may be driven cold, but 
larger sizes should be heated to about 2,000° F and driven hot. Ferritic and 
martensitic rivets should be heated to a maximum temperature of 1,550° F 
and driven hot. Rivets of greatly dissimilar metals should not be used be¬ 
cause of the danger of galvanic corrosion. 

Soldering. Stainless steels may be soldered with lead-tin soft solder 
or silver solder. Large soldering irons are required for heating the low-con¬ 
ductivity alloys. Straight chromium grades require tinning before soldering 
to prevent separation caused by moisture. Although soldering has limited 
usefulness in curtain wall joints, it is sometimes used for sealing joints made 
by other means. 

Welding. Welding is one of the most highly recommended methods 
of joining stainless components. Most of the austenitic types are readily 
weldable by all common methods. Some are subject to sensitization; there¬ 
fore, stabilized types are recommended. Ferritic and martensitic types may 
be welded easily, but many are subject to grain growth, and special precau¬ 
tions may be necessary. Ordinarily, these types should not be chosen if 
extensive welding is necessary, unless their particular properties are defi¬ 
nitely required. The chromium-nickel types, usually chosen for welding, 
have a coefficient of expansion about one and one-half times that of mild 
steel with only about a third as much conductivity. For this reason, great 
care must be exercised to prevent warpage in jigs and to assure heat dis¬ 
persal. When possible, welds should be kept away from corners of parts in 
order to insure higher tensile strengths of the joints. There is a rule of thumb 
in the selection of stainless grades for welding: A grade that is readily 
formed can be readily welded. For increased resistance to atmospheric cor¬ 
rosion in welds and their vicinity, grades 304 and 316 may be modified. 

Welding methods commonly employed for joining stainless are: 

1. Arc welding—Recommended because of short heating time (carbon arc 
not recommended) 

2. Inert-gas shielded arc welding—Recommended for light gages 

3. Inert-gas shielded consumable electrode—Recommended for material 
thicker than % in. 

4. Spot welding—Shear strength of weld nugget should be twice that of 
a rivet of similar diameter 
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5. Flash and butt welding-May be used 

6. Pulsation, seam, and projection welding-Sometimes employed. 

Oxyacetylene welding is not recommended. It may sometimes be neces¬ 
sary to anneal parts after welding to relieve weld-induced stresses. Imme¬ 
diately after welding, the discoloring oxide formed should be removed to 
prevent future rusting. Wire-brushing will suffice for small accumulations, 
grinding for heavier films. The metal should be passivated after completion 
of the cleaning. 

Miscellaneous fasteners. Stainless steel components may be fastened 
with any of a number of miscellaneous fasteners, such as bolts, screws, and 
various patented devices. Stainless screws and clips of various sorts are used 
if other materials are present (such as porcelain enamel) that require highly 
corrosion-resistant accessories. 


FINISHING 

Finishing methods for stainless steels may be classified by four types- 
passivation, mechanical, inorganic, and organic finishes. Sheet and other 
products usually come from the mill with one or more standard finishes, the 
appearance and quality varying with the product and its alloys. Variations 
in color and texture in the standard finishes prevent their use for most cur¬ 
tain wall parts. For this reason, most of the finished parts to be used in 
walls are given some further finishing either at the mill or after fabrication 
m order to obtain the appearance required. Special mechanical mill finishes 
cost a little more. Those supplied by the fabricator may raise the costs con- 
siderably. 

Passivation finishes. When stainless steel products have been cleaned, 
welded, machined, or treated in any manner to remove the thin film of oxide 
on the surface, passivation of the metal is recommended. This is a nitric- 
acid immersion process that quickly forms a thin, uniform film of oxide 
on the surface of the metal. This film is stronger than the natural film. Pas¬ 
sivation performs an additional function by removing bits of iron or other 
materials from the face of the metal. Any small bits of iron on the surface 
allowed to remain will eventually rust and may cause pitting. The usual 
treatment is to dip the metal in a 20 to 30 per cent solution of nitric acid at 
110°-140° F for periods varying from 15 to 30 min. After passivation, the 
part is rinsed in clear water. Passivation should not be undertaken until all 
fabrication has been completed. 
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Mechanical finishes. Mechanical finishes for sheets include: 

No. 1 (hot-rolled, annealed, and pickled)—Uneven finish, not often used 
for curtain wall work, except for materials to be further formed or worked. 

No. 2D (dull cold-rolled)—Soft, dull standard finish often used for curtain 
walls, particularly for flat sheets; some manufacturers offer an extra dull type. 

No. 2B (bright cold-rolled)—Standard finish similar to 2D, but with much 
more reflectivity or brightness if not the high luster of polished finishes; 
less uniform than finishes made with abrasives; often used in curtain wall 
work, particularly for embossed sheet. 

No. 4 (polished on one or both sides)—Lustrous finish, but not as highly 
reflective as No. 7 and No. 8; reflects light in a line perpendicular to the 
direction of abrasive-belt polishing, thus accentuating deformations and 
deviations from flatness; often used for architectural trim and applicable to 
small components of curtain walls; costs approximately 13 to 40 per cent 
more than 2D and 2B, depending on gages. 

No. 6 (Tampico brushed)—Similar to No. 4, but brushed to a soft satin 
finish; has low reflectivity but some tendency to accumulate dirt; used in 
curtain walls; costs 20 to 59 per cent more than standard finishes, depend¬ 
ing on gages. 

No. 7 (High-luster polish)-More brilliant than No. 4 with a reflectivity 
that represents the highest normal polish; not used in curtain walls. 

No. 8 (Mirror finish)—Highest luster with the most reflectivity; available 
on special order; not used in curtain walls. 

Special finishes—A large number of special treatments are obtainable, de¬ 
pending on the facilities of the fabricator. 

Inorganic finishes. Inorganic finishes include: 

1. Electropolishing—An anodic treatment in an electrolytic bath; gives 
a very brilliant luster not suitable for curtain walls. 

2. Electrolytic etching—A rapid method of etching designs on the surface 
with acids. The design is placed on the metal with masks and lacquer. The 
part to be etched is then covered with insulators soaked in acid electrolyte. 
A metallic conductor is placed over this as a cathode and a current passed 
through, causing the work to act as the anode. Method has possible applica¬ 
tions in curtain wall work for ornament. 

3. Blackening—Oxidizing processes that impart a tough, permanent, dull 
black finish to the metal. The film is produced by cleaning the metal and 
immersing it in a chemical bath such as sodium dichromate at about 750° F. 
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The film, about 0.0001 in. thick, has the same corrosion resistance as the 
base metal to which it is applied. Greater luster may be imparted with 
waxes. Partial blackening can produce varied effects not possible in the 
natural metal. 

4. Porcelain enamel finish-A new development, porcelain enamel on 
stainless may be used to diversify the natural color of the metal (see 
Chap. 6). 

Organic finishes. Organic finishes have no useful application to stain¬ 
less steel, except possibly to protect the metal during fabrication or to serve 
as galvanic protection (see Chap. 8). 

CLEANING AND PROTECTION 

Ordinarily, no cleaning will be necessary after passivation of stainless 
products. If dirt collects, they may be washed with soap and water or with 
household cleanser. Other blemishes may be removed with stainless steel 
wool. (Note: never use ordinary steel wool.) Products are protected during 
fabrication with paper, plastic sprays, or non whitening lacquers. These may 
be left on the surface during erection if this precaution seems necessary. 
The paper covering is usually strippable. Some of the plastics are strippable; 
others are water soluble; still others must be removed with solvents (as must 
the lacquers). 

POTENTIALITIES AND LIMITATIONS 

Stainless steel is used in contemporary curtain walls for complete assem¬ 
blies and for facings, exposed framing members, windows, sun shields, fas¬ 
teners, and other functions (Fig. 5.13, 5.14, and 5.15). Its cost, however, has 
limited its use to buildings with budgets that allow complete freedom of 
choice to the designer. 

The advantages of stainless steel are the following: 

1. Strength It is the strongest metal used in curtain walls 

2. Corrosion resistance—Some types are among the best materials avail¬ 
able for this purpose 

3. Weather resistance-Types available for all climates 

4. Hardness—Resistant to abrasion and wear 

5. Flatness—Relatively flat compared to many materials 











Fig. 5.13 Stainless steel curtain wall (Socony 
Mobil Building, New York, N.Y.) 


Fig. 5.14 Stainless steel curtain wall 
(Gateway Center) 


6. Workability—Can be fabricated by most methods 

7. Thermal qualities—Low conductivity, high melting point. 

The limitations of stainless in curtain walls are the following: 

1. Cost—Higher than many other materials 

2. Workability—Although it can be fabricated by most methods, more 
power and time are required. 



0 6 12 

Fig. 5.15 Stainless steel curtain wall, horizontal section (Gateway Center, Pittsburgh, Pa.) 

1 
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DESIGN CONSIDERATIONS 

The designer should consider the following points before selecting stain¬ 
less steels for curtain wall uses: 

1. What is to be accomplished? 

2. What is the budget? (This is often the first consideration.) 

3. What fabrication is involved? (A trial run is often helpful.) 

4. Can self-framing units be used? (They are weight-reducing.) 

5. What method will be used to insure flatness? 

6. What strength is required? (Remember that stainless steels are very 
strong and can utilize light hollow sections. No allowances are required for 
corrosion or wear.) 

7. Can welding be used for joining? (Welding ordinarily gives the 
strongest joint with a minimum of materials. Welds should be ground and 
polished.) 

8. Can sharp corners and crevices be avoided? (Rounded corners mini¬ 
mize dirt accumulation.) 

9. What clearances will be required for expansion? 

10. If stainless is chosen, consult with the manufacturer and give him all 
the information on the requirements. Test as thoroughly as possible, prefer¬ 
ably under field conditions, if the design is a new one. 


SPECIFICATIONS 

In specifying stainless steel materials, the following items should be 
enumerated: 

1. Alloy (by AISI number) 

2. Strength (tempered or annealed) 

3. Finish (fabricator to submit samples) 

4. Dimensions 

5. Thickness (AISI recommends actual dimension rather than gage num- 

ber) ° ® 

6. Shapes 

7. Fastening 

8. Passivation 

9. Shop drawings 

10. Protection 
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For suggested curtain wall specifications, see Chap. 9. Standard specifica¬ 
tions are listed in Appendix D. 

ECONOMICS OF SELECTION 

The following points should be remembered in selecting stainless steels: 

1. Flat sheet is the most economical form, and costs rise rapidly according 
to the extent of forming. Textured sheet is about 15 per cent higher in 
cost than flat. 

2. Cost per pound is higher than for most other materials, but less ma¬ 
terial is usually required. Design for full utilization of properties. 

3. Use of thinner gages made possible by close design. Self-framing 
panels, lamination, roll embossing, and other methods may lead to econ¬ 
omies. 

4. The price per pound increases as the gage decreases and as the width 
increases. 

5. Standard finishes No. 2B and No. 2D are less expensive than special 
finishes and will probably suffice for most uses. 

6. The price per pound increases as the percentage of alloying ingredients 
increases. The most-used general purpose grade, No. 302, costs about 25 
per cent more than No. 430, which could be used in its place for many 
applications. No. 304, often used for its superior welding characteristics, 
costs about 10 per cent more than No. 430, and No. 316 (specified for high cor¬ 
rosion resistance, particularly on the seacoast) costs 50 per cent more than 
No. 430. 

7. Economies may be achieved by adhering to the sizes recommended in 
Table 5.13. 


COPPER AND COPPER ALLOYS 


Copper and the copper-based alloys were the first metals used by man. Cop¬ 
per, which alloys readily with most other elements, was hardened with tin 
during the Bronze Age in man’s first major technological advance out of the 
Stone Age. Today, numerous alloys are available with widely varying prop¬ 
erties. Traditionally, copper-zinc alloys were called brass and copper-tin 








alloys, bronze. Today, bronze has come to mean copper alloys of superior 
qualities, and the term is applied to some materials that formerly would 
have been classified as brass. Some of the alloys are applicable to curtain 
walls, their first major use being in New York’s Seagram House (Fig. 5.16). 

CLASSIFICATIONS 

Copper alloys are ordinarily classified in groups according to the type of 
alloying (Table 5.16). Major types are as follows: 

Copper. Ninety-nine per cent pure copper is furnished in soft and 
cold-rolled (hard) tempers. Other tempers are also obtainable. Cold-rolled 
copper is used for most architectural work (except roofing and flashing). 

Aluminum bronze. Containing 5 to 15 per cent aluminum, these alloys 
are used for decorative work when a golden color is desirable. Fractional 
percentages of silicon and arsenic are often added to improve corrosion re¬ 
sistance, and small amounts of iron, nickel, and manganese are sometimes 
included to impart desired properties. The alloys are wear-resistant, highly 
resistant to corrosion and salt air, and possess good mechanical properties. 

Architectural bronze. Sometimes called leaded brass, this alloy con- 
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tains about 56 per cent copper, 41.5 per cent zinc, and 2.5 per cent lead. It is 
often used for extruded parts and is available in various rolled shapes. Archi¬ 
tectural bronze extrusions were used for the framing members of Seagram 
House. 

Commercial bronze. Containing up to 90 per cent copper, 9 to 12.5 per 
cent zinc, and sometimes 0.5 to 2.5 per cent lead, commercial bronzes are 
available in sheet and other forms. 

Muntz metal. Available usually as sheet, strip, rod, and bar, Muntz 
metal contains about 60 per cent copper and 40 per cent zinc, with small 
amounts of lead sometimes added. These metals may be extruded to match 
architectural bronze in color. Muntz metal sheets were used for the panels 
in the Seagram House curtain wall. 


TABLE 5.16 CLASSIFICATION OF COPPER-BASED ALLOYS 


Type 

Names of 
typical alloys 


Major alloying elements , per cent 


Copper 

Zinc 

Tin 

Lead 

Aluminum 

Copper 

Same 

99.9 





Brasses 

Commercial 







bronze 

to 90 

10-12.5 





Red brass 

85 

5-15 





Yellow brass 

63-66 

34-37 





Muntz metal 

60 

40 




Leaded 

Leaded commer¬ 






brasses 

cial bronze 

85-90 

9-9.5 


0.5-2.25 



Leaded Muntz 







metal 

60 

39.4 


0.6 



Architectural 







bronze 

56 

41.5 


2.5 


Aluminum 







bronzes 

Same 

85-95 




5-15 

Phosphor 







bronzes 

Same 

90-98 


1-10 

0-4 


Cadmium 







bronzes 1 

Same 

98-99 


0-0.6 



Silicon 

Same 






bronzes 2 


90-98 

0-1.25 


0-0.4 

0-7.25 

Cupro¬ 







nickels 3 

Same 

68-88 





Nickel 







silvers 4 

Same 

45-70 

15-40 




Manganese 







bronzes 5 

Same 

57-60 


0.5-1.5 




* 0.8-1.0 per cent cadmium. 4 10-20 per cent nickel. 

. 1 0-3.0 per cent silicon. & 0.5 per cent manganese. 

3 10-30 per cent nickel. 
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TABLE 5.17 USE OF COPPER ALLOYS IN CURTAIN WALLS 


Alloy 

Uses 

General characteristics 

Availability 1 

1 2 3 4 5 

Aluminum 

Facings, spandrels 

Golden color, high 

XX X 

bronze (5 per cent) 


resistance to salt air 


Architectural 

General purpose, 

Matched by Muntz metal 

X X 

bronze 

structural and 

sheet; moderate cost 



framing members 



Copper 

General purpose. 

Basic form 

X X X X X 


trim, facings. 

(99.9 per cent pure); 



ornamental 

readily available 


Muntz metal 

Spandrels, facings 

Matches architectural 

X x 



bronze extrusions 




in color 


10 per cent nickel 

Spandrels, facings 

Light silvery color 

X X 

silver 




T2 per cent nickel 

Spandrels, facings 

Similar to above; 

X X 

silver 


increased corrosion 




resistance 


18 per cent nickel 

Spandrels, facings 

Similar to above; 

X X 

silver 


increased corrosion 




resistance 


Silicon bronze 

Fasteners 


X X X X 


1 (1) Sheet, strip, plate; (2) rods, bars; (3) extrusions; (4) tubing; (5) forgings. 


Nickel-silver. With approximately 45 to 70 per cent copper, 15 to 40 
per cent zinc, and 10 to 20 per cent nickel, these alloys have a warm, light 
silvery appearance. In sheet, strip, plate, and extruded form, they might be 
used for curtain wall components. 

Phosphor bronze. Containing about 90 to 98 per cent copper, and 
alloyed with tin, these types have small amounts of phosphorus added. 
They are used in architectural work primarily for fasteners. 

Silicon bronze. Alloyed with 1 to 3 per cent silicon, 0.5 to 1.25 per 
cent zinc, and small amounts of tin, manganese, iron, or silver, the silicon 
bronzes contain about 96 per cent copper. They are used for fasteners, but 
might also be used for curtain wall components. 


COPPER ALLOYS IN CONTEMPORARY CURTAIN WALLS 

Although many copper-based alloys might be used for curtain wall com¬ 
ponents, at this date only a few actually have been. Table 5.17 gives some 
of the characteristics of the most suitable types. 















TABLE 5.18 CHEMICAL COMPOSITION OF COPPER ALLOYS (PER CENT) 


Percentage of copper in alloys equal to remainder. 

Alloy 


Alloying elements , per cent 






Nickel 

Zinc Lead Silicon Aluminum 

Others 

Aluminum bronze 




(5 per cent) 


5 


Architectural bronze 


41.5 2.5 


Copper 



0.1 

Muntz metal 


37.0-41.0 


10 per cent nickel 




silver 

10.0 

23.0-28.0 


12 per cent nickel 




silver 

12.0 

22.0 


18 per cent nickel 




silver 

18.0 

16.0-20.0 


Silicon bronze 


1.0-3.0 

0.5-1.25 




AI,Mn,Zn, Fe 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The commercially available copper alloys have a wide range of properties. 
In general, most possess high thermal conductivity and fair strength; they 
are malleable; they have good resistance to atmospheric corrosion; they are 
easy to form, machine, and finish. For the chemical properties of the com¬ 
mon types, see Table 5.18. Physical and mechanical properties are given 
in Table 5.19. 

Density. Copper-based alloys weigh approximately 0.275 to 0.323 lb per 
cu in. Commercially pure copper weighs 0.322 lb per cu in., and the other 
alloys vary according to alloy content, with aluminum bronzes the lightest. 

Elongation. Ordinarily measured as a percentage of elongation in 2 in., 

elongation ranges from 65 per cent in the soft tempers of some brasses and 
bronzes to 5 per cent for the hard tempers. Some hard wires have less than 
1 per cent in 2 in. See Fig. 5.17 for the effects of varying amounts of copper 
on copper-tin bronzes. 

Hardness. The hardness of copper alloys varies from a value for soft 
tempers of about Rockwell 1 on the B scale up to about Rockwell 105 B for 
hard tempers. Values greater than this can be obtained for some alloys. Tem¬ 
pers are often given in terms of numbers related to the amount of reduction 
of the original thickness or in terms of a fraction of hardness (Table 5.20). 

Modulus of elasticity. Young’s modulus (£) for copper is about 1,600,- 
000 psi. Zinc reduces the modulus; nickel increases it. The range is from 
about 1,300,000 to above 2,000,000 psi (Fig. 5.17). 
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TABLE 5.19 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES 
OF COPPER ALLOYS 






Alloy 




Property 

Aluminum 
bronze 
(5 per cent) 

Archi¬ 

tectural 

bronze 

Copper 

Muntz 

metal 

10-percent 18-percent 
nickel silver nickel silver 

Silicon 

bronze 

Density, lb per cu in. 

0.30 

0.305 

0.322 

0.303 

0.313 

0.316 

0.308 

Hardness (Brinell) 
Tensile yield strength 
(0.2 per cent off¬ 

80-210 

110 up 

42-100 

80-145 

60-180 

70-190 

70-210 

set), 1,000 psi 
Tensile ultimate 

25-65 

20 

10-48 

18-60 

20-75 

25-75 

22-90 

strength, 1,000 psi 
Young's modulus of 

55-92 

60 

32-52 

52-80 

55-110 

58-105 

58-110 

elasticity, 10° psi 

Elongation in 2 in.. 

17.0 

13.5- 

14.0 

16.0 

13.0 

17.0 

18.5 

15.0 

per cent 

7-65 

25 1 

5-45 

10-45 

5-45 

3-40 

5-60 

Melting point, deg F 
Thermal expansion 
coefficient, in. per 
in. per deg F X 
10-° (32° to 

1,910 

885 

1,980 

1,660 

1,850 

2,030 

1,865 

212° F) 

Thermal conductivity, 
Btu per hr per sq ft 
per deg F per in. 

9.9 

11.6 

9.3 

10.8 

9.0 

9.0 

9.5 

(32° to 212° F) 
Resistance to corro¬ 

510.0 

850.0 

2,700 

870 

320 

230 

225 

sion 2 

A 

B 

B 

B 

B 

A 

B 


Elongation for soft temper. 2 A—superior; B— excellent 


Ultimate strength. The ultimate tensile strength of copper is about 
33,000 psi in soft temper and about 46,000 psi in hard temper. The alloys 
range from about 30,000 to about 90,000 psi in the soft tempers and approxi¬ 
mately 40,000 to 150,000 psi in the hard tempers (Fig. 5.17). 

Yield strength. Yield strengths of the alloys range from 10,000 to al¬ 
most 55,000 psi in the soft tempers and from 40,000 to 70,000 psi for the 
hard (for 0.2 per cent elongation under load). For the same elongation, cop¬ 
per has yield strengths of 10,000 to 48,000 psi. 

TEMPERATURE CHARACTERISTICS 

Effect of high and low temperatures. Elevated temperatures increase 
the elongation and lower the strengths of copper-based alloys, the extent of 
increase or decrease depending on the particular composition. Temperatures 
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TABLE 5.20 COMPARATIVE HARDNESS OF COPPER ALLOYS 


Hardness number 

Temper 

Approximate reduction 
of thickness, per cent 

— 

% hard 

6 

1 

% hard 

11 

2 

y 2 hard 

21 

3 

% hard 

29 

4 

Hard 

37 

6 

Extra hard 

50 

8 

Spring 

60 

10 

Extra spring 

69 


within the ranges encountered in curtain wall installations have little effect. 

Thermal conductivity. Copper-based alloys generally have the highest 
thermal conductivity of the common metals. In the temperature range 32°- 
212° F, it ranges from 120 (for 13 per cent nickel-silver) to 2,700 Btu per hr 
per sq ft per deg F per in (for copper itself). Use of these alloys magnifies the 
problem of through conductivity in curtain walls. 
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Thermal expansion. Copper-based alloys have coefficients of thermal 
expansion ranging from about 9.0 to almost 12.0 X 10~° in. per in. per deg F. 
The values are generally higher than those for stainless or carbon steel, but 
lower than those for aluminum alloys. 

Melting range. The melting range for copper base alloys is from about 
1,600° to almost 2,000° F. 

DURABILITY 

Copper and copper-based alloys are highly resistant to most types of cor¬ 
rosion (Table 5.18), as is evidenced by their historic use in the highest classes 
of building construction. The alloys allow surface oxidation or weathering 
to take place, which coats them with a hard, almost impervious protective 
film. This film is similar in composition to the protective coverings formed 
on stainless steel and aluminum, but unlike these, it usually differs in color 
and texture from the parent metal. This patina was much admired in the 
past, and continues to be so in many quarters. Curtain wall designers seek¬ 
ing a material that ages gracefully rather than one which maintains its mint 
condition will do well to consider copper and the bronzes. Some of the alloys 
are more resistant to aging than others, but all of the types recommended 
for curtain wall use have long life expectancies. 

Galvanic corrosion. The copper-based alloys are subject to galvanic 
corrosion when used with other metals. They must be protected from con¬ 
tact with, and from the flow of electrolytic water from, other metals. 

Chemical corrosion. Certain copper-based alloys have good resistance 
to acids and alkalis. Copper is attacked by oxidizing acids, such as nitric or 
chromic acid, as are many of the alloys. For curtain walls in atmospheres 
with a high chemical content, consultation with the manufacturer, plus tests 
of various alloys, will be helpful to the designer. 


APPEARANCE 

Copper and copper alloys are often left in their natural state to permit the 
aging of their warm color to a soft patina. Processes are also available for 
artificially producing a uniform patina, color, or texture (Fig. 5.18). 

Color. Copper-based alloys may be colored by various dip processes, 
which deposit films that are quite adherent when dry but easily damaged 
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Fig. 5.18 Appearance of copper alloys in 
curtain walls (Price Tower, Bartlesville, Okla.) 


while wet. They must be protected with lacquer and are not permanent 
enough for most curtain wall work. The process for accelerating the forma¬ 
tion of oxides or patina in various shades of blue-green on different alloys is 
considered permanent; it produces a surface similar to that which would 
be acquired naturally with the passage of time. 

Finishes and textures. A variety of finishes and textures (such as pol¬ 
ished, burnished, embossed) may be obtained. 

Reflectivity. Most copper-based alloys have medium-to-low reflectiv¬ 
ity, which decreases with age. Bright dipping or electrolytic polishing may 
be used to increase the reflectivity to a medium-high level. 

Waviness. In common with other sheet metals, copper-alloy sheets ex¬ 
hibit some defects, such as waviness and other surface imperfections. The 
number of imperfections of this sort may be quite high for these materials 
in sheet form, and for other types of products (such as extrusions). For this 
reason, products made from these alloys are frequently given an additional 
straightening treatment after fabrication. Reduced luster, embossing, and 
lamination to cores are among the means of eliminating or minimizing 
waviness. 
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TABLE 5.21 

SIZES OF COPPER ALLOY PRODUCTS 

FOR CURTAIN WALLS 

Product 

Recommended sizes, 
in. 

Maximum sizes available, 
in. 

Average 

Maximum 


W L 

W L 

W L 

Sheet metal, 
general 
Extrusions 

Castings 

48-60 X 144 1 

— 2 X any reason¬ 
able length 
48X60 

72 X 1 st ory 

_ 3 

60X84 

Any reasonable dimensions 

72 X 120 


1 Thickness of 0.1285 in. 3 Width contained in 7-in. circle. 

2 Width contained in 6-in. circle. 


SIZES OF COPPER-ALLOY PRODUCTS 

Copper-based alloys are available in all of the usual metal forms and in a 
variety of sizes (Table 5.21). Brown and Sharpe gage numbers are used for 

sheet-copper alloys, but copper sheet is usually specified by weight (Table 
5.22). 


TABLE 5.22 COPPER SIZES AND WEIGHTS 


Weight, 

Theoretical thickness. 

Maximum width 1 

Maximum length 1 

oz per sq ft 

in. 

Sheet 

Strip 

Sheet 

Strip 

32 

0.0431 

36 

20 

96 

Rolls 

24 

0.0323 

36 

20 

96 

Rolls 

20 

0.0270 

36 

20 

96 

Rolls 

18 

0.0243 

36 

20 

96 

Rolls 

16 

0.0216 

36 

20 

120 

Rolls 

14 

0.0189 

36 

20 

96 

Rolls 

10 

0.0135 

— 

16 

— 

Rolls 


1 Widths and lengths ordinarily available from stock. Larger sizes may be obtained. 


STANDARD PRODUCTS AVAILABLE 

Copper alloys are available in all the common forms (such as sheet, plate, 
strip, extrusion, rod, bar). Table 5.21 contains data on the average and 
recommended sizes for curtain walls and the maximum sizes that may be ob¬ 
tained commercially. 

Drawn-flat products. Drawn-flat products are those of solid section, of 
relatively great length compared to thickness, and with two parallel plane 
surfaces and two longitudinal edges that are brought to final dimensions 
by drawing through a die. They include the following: 
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1. Drawn bar—Products not over. %c in. thick and up to 12 in. wide 

2. Drawn strip-Products 0.003 to % 6 in. thick and up to 20 in. wide 

3. Drawn flat wire—Thickness as above, up to 1% in. wide. 

Rolled-flat products. Rolled-flat products are the same as drawn-flat 
products, except that edges are left unfinished or brought to final dimensions 
by sawing, shearing, slitting, or rolling to various contours. The type of edge 
desired should be specified. They include: 

1. Foil—Products up to 0.003 in. thick 

2. Sheet—Products 0.003 to in* thick and over 20 in. wide; some pro¬ 
ducers offer a variety of standard embossed or crimped patterns (Fig. 5.19) 

3. Plate—Products over % 6 in. thick and over 12 in. wide 

4. Rolled bar, rolled strip, and rolled-flat wire—Same characteristics as 
drawn types. 



Rods. Rod refers to products of round, hexagonal, or octagonal solid 
sections in straight lengths. They may be finished by extrusion, drawing 
through dies, cold-rolling, hot-rolling, or a combination consisting of ex¬ 
trusion followed by drawing. 

Shapes. In copper alloys, shapes refer to solid products of sections 
other than round, hexagonal, octagonal, square, or rectangular. They are 
produced similarly to rods. 

Tubing. Tubing is a hollow product of any cross section and with a 
continuous surface. Seamless tubing is originally produced with a contin¬ 
uous surface whereas other types have brazed, welded, or seamed joints. 
Tubing with an irregular cross section or wall thickness is commonly re¬ 
ferred to as a tubular shape. 

Pipes. Pipes are similar to seamless tubing, but conform to standard 
pipe sizes. 
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FABRICATION 

Workability. In general, copper-based alloys have very good working 
characteristics. The possibilities vary considerably because of the extremely 
large number of the alloys. Some types are particularly well suited for cold 
work but are poor choices for hot work. Those known as free-machining 
types are quite adaptable to processing of this sort, whereas others may be 
machined only with some difficulty (Table 5.23). 

Casting. Many bronzes lend themselves very well to casting, and most 
of the usual methods may be employed. As the materials may be cast at 
temperatures approximately 500° F less than that for ferrous metals, finer 
sands may often be used, resulting in more perfect finishes than is possible 
with many other metals. Shrinkage is relatively large for copper-alloy cast 
products and must be allowed for in design. Many high-quality architectural 
components have been cast in bronze in the past, and the method could be 
employed for some curtain wall components if the budget permits. 

Drawing. Many copper alloys have very good characteristics for draw¬ 
ing, stamping, and similar operations. The degree of hardness and strength 
may be calculated for individual parts in advance of working. See Table 5.20 
for the expressions used for tempers and reductions of thickness by rolling. 

Extrusion. Many copper alloys are readily extruded. The maximum 
practical size for extrusions is lower in copper than in aluminum; parts 
must be circumscribable within a 7-in. diameter circle. When larger presses 
are available, they will increase this size considerably. 

Forging. Forging of metals has been used very little for curtain wall 

TABLE 5.23 WORKABILITY OF COPPER ALLOYS 

A—superior; B—excellent; C—good; D—fair; E—not recommended. 


Operation 


Alloy 

Hot- 

working 

Cold- 

working 

Soldering 

Brazing 

Welding 

Machinability, 
per cent 1 

Copper 

A 

A 

A 

B 

D 

20 

Muntz metal 

A 

D 

A 

C 

D 

40 

Nickel silvers 

A 

E 

C 

C 

C 

20-40 

Silicon bronze 

E 

A 

C 

C 

A 

15-30 

Aluminum 

bronze 

C 

C 

D 

C 

C 

20-40 

Architectural 

bronze 

E 

D 

B 

C 

C 

80 


1 Free-cutting brass rod taken as 100 per cent. 
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parts, and not at all for copper-alloy components. The process may bear in¬ 
vestigation because many copper alloys have very good forging qualities. 
It might be the best possible method for the production of some smaller 
parts. Of particular interest is the forging method called hot-pressing, which 
often produces high-quality products at lower cost than other methods. 

Forming. Copper alloys lend themselves readily to forming on press 
brakes and by other methods. Roll-formed products of various conforma¬ 
tions are standard with many producers, and special sheet-metal shapes may 
be obtained at moderate fabrication costs. The metals tend to work-harden. 
Ordinarily, matte finishes (which hold the forming lubricants better) are 
used for forming, rather than brightly polished ones. 

Rolling. Products of copper alloys may be produced by hot- and cold¬ 
rolling, the choice of method depending on the alloy and the form of the 
product. Rolled shapes often require an alloy with a higher copper content 
than do extruded products. As a result, the parts produced by the two 
methods vary in color. 

Machining. Commercial copper and many of the alloys are quite diffi¬ 
cult to machine; free-machining types should therefore be specified for all 
but the simplest operations. The highest practical cutting speeds are ordi¬ 
narily employed for moderate depths of cut and light feeds. Drilling requires 
tools especially designed for the metal in use. 

HEAT TREATMENT 

Some copper-based alloys are hardenable by heat treatment; others are 
not. Among the former, some may be hardened by the use of solution heat 
treatment, followed by quenching in water (and sometimes reannealing). 
Others are hardened by annealing in an oven, followed by precipitation or 
age hardening. All of the alloys may be hardened by working. Among the 
types hardenable by heat treatment are aluminum bronzes that contain 
approximately 7.5 per cent or more of aluminum. 


FASTENERS 

Brazing. Brazing of copper alloys other than a few bronzes, nickel- 
silvers, and similar types, will yield stronger joints at ordinary temperatures 
than are provided by soldering (a method often employed). As the tempera¬ 
tures necessary for brazing may approach or exceed the critical tempera- 
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tures for many alloys, the process should not be used except on recom¬ 
mendation of the producers. 

Mechanical joints. Long a standby in work with copper, mechanical 
joints—such as lock seams, flat seams, and the like—may be used for the join¬ 
ing of some copper-alloy curtain wall components (see Chap. 9). 

Riveting. Copper-alloy curtain wall components may be riveted by 
the usual means. Riveting yields strong, practical joints. 

Soldering. Another traditional method of joining copper, soldering 
does not lend itself to many curtain wall applications in which strength of 
the finished joint is important. It does, however, have an important second¬ 
ary function in the sealing of joints fastened by other methods. 

Welding. Although copper is usually joined by other means, copper- 
based alloys may be welded by the processes used for other metals. Some 
copper-based alloys are readily welded; others are relatively inferior in this 
respect, as is copper itself. Gas, carbon arc, inert-gas shielded arc, and re¬ 
sistance welding (including spot, butt, flash, and seam methods) may be 
used. The alloys have different welding characteristics, and the method 
chosen should be the one most suitable for the particular metal (Table 5.23). 

Dissimilar metals. Copper-based alloys used in conjunction with dis¬ 
similar metals should be separated from them by insulating gaskets, paints, 
or sealers to protect the metals against galvanic corrosion. Care should be 
taken to avoid the possibility of water running from a dissimilar metal onto 
the surface of the copper alloy. 

FINISHING 

Finishes available for copper alloys are mechanical, inorganic, and or¬ 
ganic. The mill finish on products made from these alloys is often unaccept¬ 
able for curtain wall uses and thus requires further treatment to insure the 
desired appearance. The mill usually pickles parts in a sulfuric acid bath, 
which removes much of the scale, or dips them in bichromate solution, 
which removes almost all the scale. 

Mechanical finishes. The mill, finishes, which usually bear the name 
of the production process, are as follows: 

1. Cold-rolled—A nonuniform finish, which may be semiburnished by 
cold-rolling with lubricants such as kerosene, soap, or soluble oil 

2. Hot-rolled—A dark, somewhat rough finish, which may be brightened 
to some extent by dipping 
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3. Drawn—A smooth, bright finish produced by drawing through a die 

4. Extruded—A slightly oxidized and dull finish produced by hot extrusion 

5. Oxidized—A finish produced by annealing, unless followed by pickling 
or other processes 

6. Bright annealed—A somewhat brighter finish achieved by annealing 
in a protected atmosphere. 

Many special mechanical finishes may be applied to copper alloy parts, 
among them the following: 

1. Polished—A moderately bright finish obtained by polishing with abra¬ 
sive wheels or by sand-bobbing (polishing with a mixture of sand and light 
mineral oil) 

2. Satin (Butler finish)—A matte finish produced by polishing with special 
abrasive wheels 

3. Scratchbrushed—A satin finish produced with wire-bristle brushes or 
special buffing compounds 

4. Buffed—A high-luster finish achieved by buffing with rouge or other 
soft abrasives 

5. Piston—A finish produced by grinding or turning to close tolerances. 

Inorganic finishes. Inorganic finishes for copper alloys include: Chem¬ 
ical polishing and matte finishes, electrolytic polishing, etching, electro¬ 
plating, porcelain enameling, artificial oxidizing and color dipping. 

1. Chemical polishing and matte finishes—Chemical polishing, called 
"bright dipping” in the trade, gives a bright appearance. Although it re¬ 
moves any remaining traces of mill scale, it does not remove mechanical 
imperfections. It is relatively inexpensive and may be used in the prepara¬ 
tion of surfaces that are to receive further treatment by other means. It con¬ 
sists of dipping the parts in a solution of water and sulfuric, nitric, and 
hydrochloric acids, followed by a dip in a solution of nitric acid and water, 
and a thorough rinse in cold water. A semi-bright finish may be obtained 
by dipping parts in a solution of sulfuric acid, sodium dichromate, and 
water; whereas semi-matte finishes can be acquired by dipping them in 
weak sodium cyanide, followed by a sulfuric- and nitric-acid bath containing 
zinc oxide. Full matte finishes are obtained by etching in a hydrochloric 
acid/ferric chloride solution. All of these processes are highly toxic and must 
be handled with care. Thorough rinsing with water must follow all treat¬ 
ments. 
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2. Electrolytic polishing—A range of finishes, from a full matte to a very 
high polish, may be obtained by electrolytic polishing. The process consists 
of immersing the parts in a solution (such as chromic acid, sodium dichro¬ 
mate, and acetic and sulfuric acids in water) and passing an electric current 
through them. 

3. Etching—Alloys may be etched for ornamental purposes by means of 
various solutions; these vary according to the alloy. After the design is 
blocked out on the surface with a resist (usually baked-on varnish-base ink), 
the part is immersed in the etching solution for a period of time depending 
on the depth of pattern desired. The process is often speeded up by elec¬ 
trolysis. The resist is removed with a solvent, such as carbon tetrachloride 
or gasoline. 

4. Electroplating and porcelain-enameling—Electroplating and porcelain- 
enameling of copper alloys may be accomplished by the ordinary methods 
used for other metals; however, these processes are applicable to curtain 
walls only for minor ornamental or related purposes. 

5. Artificial oxidizing—A much-used process for accelerating the develop¬ 
ment of a patina on copper-based alloys, artificial oxidation must be pre¬ 
ceded by thorough cleaning of the surface with trisodium phosphate or some 
other cleanser that does not leave an oxide coating on the surface. After 
cleaning, the surface should be thoroughly rinsed to remove traces of the 
cleaning compound and to leave the surface thoroughly wet. The surface is 
then sprayed with a solution consisting of ammonium sulfate, copper sulfate, 
concentrated ammonia, and water. The spray should be fine and even. The 
surface is allowed to dry completely, and the process is repeated five or six 
times, alternately spraying and drying. The work should then be protected 
for a period of not less than six hours. The resulting colors are in the blue- 
green band. The alloy’s final appearance depends on numerous variables: 
the type of metal treated, the surface finish of the parts, and atmospheric 
conditions. It is difficult to achieve matching colors on different alloys and 
textures. 

6. Color dipping—Colors may be applied on copper alloys by immersing 
them in various chemical solutions, but the process is limited. Since the color 
is contained in a fragile film on the metal surface, it must be protected with 
lacquer or other coatings. Coloring of this type is considered too short¬ 
lived for curtain wall use. 

Organic finishes. Organic finishes or paints are sometimes used with 
copper alloys for temporary protection of the surface. Clear lacquers, which 
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may be air-dried or baked on, are most often used for this purpose; other 
paints are less frequently employed. For a discussion of organic finishes, see 
Chap. 8. 

CLEANING AND PROTECTION 

In-place copper-alloy components with badly soiled or greasy surfaces 
may be cleaned with trisodium phosphate, or sodium metasilicate, and water 
(4 to 8 oz of either to the gallon). Less severely soiled components may be 
cleaned with soap solutions or solutions containing 5 to 10 per cent washing 
soda. Scouring soap powders should not be used. The cleaning mediums 
should be warm or hot for maximum effectiveness. Cleaned surfaces may be 
polished, then lacquered if desired. 



0 6 

Fig. 5.20 Bronze curtain wall, horizontal section (Seagram Building) 


USE OF COPPER ALLOYS IN CURTAIN WALLS 

Although copper and copper-based alloys have been used to some extent 
for curtain wall purposes, the only really major use has been in the wall for 
the Seagram House in New York City (Fig. 5.16 and 5.20). In the Price 
Tower, Bartlesville, Okla., however, Frank Lloyd Wright used them exten¬ 
sively for horizontal and vertical sun shields and also for stamped plates 
at the base of the tower, between the windows, and on the balconies (Fig. 
5.18 and 5.21). Greater use of copper and its alloys seems likely in the future. 
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The advantages of copper and copper alloys are the following: 

1. Corrosion resistance-Many alloys are highly resistant to the types of 

corrosion to which curtain walls are subjected. * 

2. Appearance-Copper and alloys naturally weather to a soft, warm 
patina, which improves with age; many bronzes have a warmth and ele- 
gance unmatched by any other metal. 

3 Weather resistance-Natural oxide coating affords excellent weather 
protection. 


4. Variety Available in many forms and textures. 
aMe. PhySiCa ' a " d mechanical P r 0 P ert i es — Wide range of properties avail- 

6. Workability-Easily worked by most processes. 

The limitations are the following: 

1. Cost—Higher than most other curtain wall materials. 

2 Thermal conductivity-Highest of common metals; large amount of 
conduction through members extending from the exterior side to the interior 
ot rooms presents problems. 

«< 1 2 3 4 5 6 7 8 9 ' Appearance-Most alloys not highly suitable for installations where 
mint appearance over long periods is desired. 

4. Stock parts-Few stock parts or shapes available for curtain wall use. 


DESIGN CONSIDERATIONS 

When using coppers, bronzes, and the other copper alloys, the designer 
should consider the following questions: 

1. What is the budget? 

2. What is to be accomplished? 

3. What type of fabrication is involved? 

4. What method will be used for achieving flatness? 

5. What form of copper alloy will be used? 

6. What colors are desired? 

7. What fasteners may be used? 

8. What clearances are necessary for expansion, contraction, and building 
movement. What tolerances are required? 

9. What can be learned from the manufacturers? 
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SPECIFICATIONS 

In specifying copper and copper-alloy materials, the following items 
should be stated: 

1. Alloy 

2. Strength (depends on temper) 

3. Finish (mill and subsequent) 

4. Artificial patina (if desired) 

5. Dimensions, gages or thicknesses for alloys and weights for copper 

6. Section shapes 

7. Protection 

8. Fasteners 

9. Shop drawings. 

For a suggested complete curtain wall specification, see Chap. 9. Standard 
specifications for copper-based alloys are listed in Appendix D. 

ECONOMICS OF SELECTION 

The following economic factors should be considered: 

1. Flat sheet products are the least costly, followed by textured sheets, 
rolled and extruded products, and castings. 

2. Costs vary widely with choice of alloy and forming. 

3. Special finishes raise costs. 

4. Adherence to the recommended sizes in Table 5.21 will cut costs. 

5. The use of nonuniform shapes and sizes increases costs. 

6. Complexity of attachment design increases costs. 

7. Even at theii cheapest, many of the alloys are still quite expensive. 

8. Thin-gage sheets laminated to strong cores may bring the alloys within 
budgets when their cost would otherwise be prohibitive. 

MISCELLANEOUS METALS 


Although the metals already discussed are the ones most commonly found 
m curtain wall construction, there are others such as carbon steel and gal¬ 
vanized iron that have had extended use for certain components, especially 
in low-cost walls. A few metals with real possibilities, such as aluminized 
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steel, have not yet been widely tried. Also, there are special processes 
and forms available in steel, stainless, aluminum, bronze, and other metals 
that are either in use at present or may be in the future. A consideration of 
some of these metals and processes will be of value to the curtain wall de¬ 
signer. 

CARBON STEEL 

Some of the first standard or stock curtain wall systems erected were 
made up of carbon-steel frames with integral windows and inserted panels. 
Ordinarily furnished with hot-rolled steel frames, cold-formed minor com¬ 
ponents and porcelain-enameled, aluminum, or other types of panels, this 
type of wall has had numerous applications and will probably continue to be 
used for walls in which low cost and high strength are major factors. Types 
on the market with standard components allow for a choice of projected, 
fixed, double-hung, and other windows, and of almost any type of panel; 
these panels may also be inserted into the frame in various ways. Fabrication 
of carbon steels is similar to that for stainless steel, except that it is generally 
easier. The obvious drawback of these steels is their lack of corrosion re¬ 
sistance; the major advantages are, of course, strength and low cost. 

GALVANIZED METALS 

Although galvanized metals have been used in contemporary curtain walls 
for exterior facing of panels, the practice is not recommended because of 
their relatively poor weathering qualities and painting requirements. For 
interior facing they are used extensively. The materials usually demanded 
for interior work are those which can be readily painted; their weathering 
qualities are unimportant. 

Galvanized products are made from four base metals: Ingot iron (a highly 
refined, uniform iron), stabilized steel (more uniform and ductile than ordi¬ 
nary cold-rolled steel), mild steel (regular open-hearth steel), and copper¬ 
bearing steel (steel containing a minimum of 0.2 per cent copper). The 
properties of the base metals may be found in Table 5.24. 

Galvanized materials are of three main types. In the order of their corro¬ 
sion resistance-with the least resistant first-they are: 

1. Standard galvanized with a hot dip coating of zinc, weighing from 0.1 
to 0.3 oz per sq ft per side 
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2. Galvanized metal electrolytically flash-coated with about 0.00001 in. of 
zinc and bonderized 

3. Standard galvanized subsequently bonderized. 

Galvanized sheets may be fabricated in the same manner as uncoated 
metals. They may be formed and drawn, soldered with cored solders (the 
higher the tin content, the stronger the joint), and welded (by carbon arc 
for gages heavier than 20, by oxyacetylene methods, or by spotwelding). 

TABLE 5.24 PROPERTIES OF BASE METALS OF GALVANIZED PRODUCTS 


Base metal 


Property 

Ingot iron 

Stabilized steel 

Mild steel 

Copper-bearing 

steel 

Ultimate strength, psi 

45,000 

45,000 

45,000 

45,000 

Yield strength, psi 
Elongation in 2 in.. 

30,000 

26,000 

28,000 

28,000 

per cent 

35 

42 

40 

40 

Rockwell hardness 

B43 

B43 

B43 

B43 


Sheet widths available commercially range up to 60 in., whereas coil widths 
go up to 48 in. Maximum lengths of sheets are ordinarily 144 in., but longer 
lengths may be obtained. Gages (U.S. Standard Revised) run from 30 gage 
(0.0125 in. average) to 11 gage (0.125 in. average). See Table 5.25 for gages 
and weights of galvanized sheets. 

Only the bonderized types of galvanized metals are recommended for 
curtain wall applications. 

Bonderizing. Bonderizing is a common and efficient chemical process 
for the production of a phosphate coating on metals. Primarily intended for 
the ferrous metals, it may also be applied to some nonferrous alloys. Its 
majoi purpose, achieved by a coating composed of a vast number of micro¬ 
scopic crystals integral with the metal surface, is to provide a superior base 
for the adherence of paint. Offering an opaque, neutral gray texture and 
finely crystallized surface, bonderizing firmly holds the paint to the metal 
by mechanically anchoring it between the crystals, as well as by adhesion. 
It also cleans the metal, neutralizes alkalies and rust, and promotes uniform 
color and texture in the paint. Insoluble in water, the coating helps inhibit 
or prevent corrosion. 
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A typical procedure for bonderizing carbon steel is as follows: 

1. Hot spray wash with alkali detergent (1 min at 180° F, 25-psi pressure, 
followed by 1-min drain) 

2. Hot spray rinse in pure water (180° F) 

3. Hot dip rinse in pure water (45 sec at 180° F) 

4. Bonderizing in zinc-phosphate solution containing nitrate and iron as 
accelerating agents (submerged about 3 min at 180° F) 

5. Cold dip rinse in pure water (about 1 min) 

6. Hot chromic-acid solution rinse (about 1 min, to assure an acid surface 
for painting) 

7. Drying and cooling (up to % hr) 

8. Painting (sometimes a baked-enamel paint process is made an addi¬ 
tional operation in the production line). 

Bonderizing of galvanized and other metals (Fig. 5.22) is similar to that 
of bonderized and painted sheet metal. 


TABLE 5.25 GAGES AND WEIGHTS OF GALVANIZED IRON 


Gage 

Thickness, 

in. 

Weight, 

psf 

11 

0.1270-0.1121 

5.312-4.688 

12 

0.1120-0.0972 

4.687-4.063 

13 

0.0971-0.0822 

4.062-3.438 

14 

0.0821-0.0710 

3.437-2.969 

15 

0.0709-0.0636 

2.968-2.657 

16 

0.0635-0.0568 

2.656-2.375 

17 

0.0567-0.0509 

2.374-2.125 

18 

0.0508-0.0449 

2.124-1.875 

19 

0.0448-0.0389 

1.874-1.625 

20 

0.0388-0.0344 

1.624-1.438 

21 

0.0343-0.0314 

1.437-1.313 

22 

0.0313-0.0284 

1.312-1.188 

23 

0.0283-0.0255 

1.187-1.063 

24 

0.0254-0.0225 

1.062-0.938 

25 

0.0224-0.0195 

0.937-0.813 

26 

0.0194-0.0172 

0.812-0.719 

27 

0.0171-0.0157 

0.718-0.657 

28 

0.0156-0.0142 

0.656-0.594 

29 

0.0141-0.0128 

0.593-0.532 

30 

0.0127-0.0113 

0.531-0.469 











MAGNESIUM ALLOYS 

Magnesium alloys have been produced for many years but have only 
recently become important commercial metals. They have yet to be used 
for curtain walls because of two major drawbacks. They are costly (more 
than aluminum or stainless by weight, although less by volume), and they 
are not very resistant to corrosion. 

In addition to the magnesium found in the earth, an almost unlimited 
suppiy exists in the sea (an estimated 11,000,000 lb in every cubic mile). 
Eventually, costs should come down as extraction methods improve and 
production increases. Magnesium alloys may be anodized (but only in dark 
colors) or treated by other processes to improve weathering properties. New 
alloys are on the way. 

The supreme advantage of magnesium alloys is their lightness; their 
weight averages about one-quarter that of steel and about two-thirds that of 
aluminum. Typical properties are as follows: 

Density: 0.064 to 0.067 lb per cu in. 

Young’s modulus (E): 6,500,000 psi 

Ultimate tensile strength: 35,000 to 55,000 psi 

Coefficient of expansion (32°-212° F): 14.5 X 10~ 6 in. per in. per deg F 


TABLE 5.26 PROPERTIES OF ALUMINIZED STEEL 



Regular dull finish 

Extra smooth finish 

Young's modulus (E), psi 
Ultimate tensile strength, psi 
Yield strength, psi 

Elongation in 2 in., per cent 
Rockwell hardness 

29,000,000 

54,000 

42,000 

24 

B66 

29,000,000 

55,000 

44,000 

21 

B68 
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The alloys may be formed, extruded, cast, rolled, riveted, welded, and 
machined. The alloys used for construction do not burn and do not corrode 
m dry air. A large number of standard shapes and products are available. 

COMPOSITE METALS 

In the past few years some of the most interesting developments in pos¬ 
sible curtain wall applications have been in composite forms of metal such 
as aluminized steel and clad or laminated metals. 


ALUMINIZED STEEL 

Aluminized steel (sheet steel coated with molten aluminum) combines the 
surface appearance and corrosion resistance of aluminum with the strength 
and mechanical properties of steel. Approximately 0.0001-in. thick alumi¬ 
num is applied to each side of the core, which is usually a low-carbon or a 
copper-bearing type of steel. 

The resulting composite material may be moderately formed and can be 
bent cold 180 deg over a diameter equal to twice its thickness. It may also 
be welded (the joint reaching its highest strength when there is steel-to-steel 
fusion). If it is to be painted, it should first be bonderized. It can withstand 
temperatures of 900° F without discoloration, of 1,250° F without destruc¬ 
tive scaling, and of 1,650° F by use of special alloys. The properties of the 
material are given in Table 5.26. 

The material is available as sheet or coils, in gages 14 to 28 (nominal). 
Steel gage-weight tables cannot be used, because the sheets are usually 
slightly thicker and somewhat lighter than standard gages (Table 5.27). 
Sheets are available to 192 in. in length. Maximum widths are 48 in. for 
gages 14 to 24, 40 in. for gage 25, and 36 in. for gages 26 to 28. When the 
budget is limited, aluminized steel might be a good choice for curtain wall 
panels. It resists rusting for a long time and can be painted whenever re¬ 
quired. Sawed or sheared edges usually become coated with aluminum dur- 
ing the cutting and therefore leave no raw steel edges to rust. Another inter¬ 
esting development is the experimental porcelain-enameling of aluminized 
steel. If this system proves practical, the curtain wall designer will have at 
his disposal a material in varied colors, as strong as steel and with a highly 
corrosion-resistant surface fired on at very low temperatures. An almost dis¬ 
tortion-free surface could result from the combination of the great strength 
of the steel base and the low temperatures used for firing the coatings. 








TABLE 5.27 GAGES AND WEIGHTS OF ALUMINIZED STEEL 


U.S. Std. 
Gage 

Approximate 
mean thickness, 
in. 

Mean weight 
psf 

Thickness range , 
in. 

Weight range, 
psf 

Max 

Min 

Max 

Min 

14 

0.0811 

3.309 

0.0889 

0.0773 

3.635 

3.146 

15 

0.0733 

2.982 

0.0772 

0.0695 

3.145 

2.819 

16 

0.0655 

2.655 

0.0694 

0.0624 

2.818 

2.525 

17 

0.0592 

2.394 

0.0623 

0.0562 

2.524 

2.264 

18 

0.0530 

2.133 

0.0561 

0.0499 

2.263 

2.002 

19 

0.0467 

1.871 

0.0498 

0.0437 

2.001 

1.741 

20 

0.0405 

1.610 

0.0436 

0.0390 

1.740 

1.545 

21 

0.0374 

1.479 

0.0389 

0.0359 

1.544 

1.414 

22 

0.0342 

1.348 

0.0358 

0.0327 

1.413 

1.284 

23 

0.0311 

1.218 

0.0326 

0.0296 

1.283 

1.153 

24 

0.0280 

1.087 

0.0295 

0.0265 

1.152 

1.022 

25 

0.0249 

0.956 

0.0264 

0.0234 

1.021 

0.891 

26 

0.0217 

0.826 

0.0233 

0.0210 

0.890 

0.793 

27 

0.0202 

0.760 

0.0209 

0.0195 

0.792 

0.728 

28 

0.0186 

0.695 

0.0194 

0.0179 

0.727 

0.663 


METAL-PLASTIC LAMINATES 

Several metal products with bonded plastic facings are currently being 
used for many purposes, including the interiors of some of the latest trains. 
The most important of these, semi-rigid vinyl bonded to aluminum or fer¬ 
rous metals, may be obtained in a variety of textures, colors, and patterns. 
Finishes range from full matte to high gloss. After lamination, the materials 
may be die-stamped with standard equipment. With careful handling they 
may be drawn, sheared, crimped, drilled, punched, bent, and embossed 
without breaking the bond or damaging the coating. 

Vinyls are highly resistant to corrosion and atmospheric weathering. They 
are easily cleaned and maintained. The vinyl-metal laminates possess the 
many desirable qualities of vinyls (such as color, weathering ability, ease 
of cleaning, and freedom from galvanic corrosion) combined with the 
strength and other important characteristics of metals. They would cer¬ 
tainly make serviceable interior wall facings, and with the proper vinyl 
elements, they should also be suitable for exterior facings. 

PREFINISHED METALS 

Most common metals, including carbon and stainless steel, aluminum, 
copper, and brass may be obtained with numerous types of surface treat¬ 
ments applied before final fabrication. Among the finishes available are pre- 
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plated, pre-enameled (baked paint), precrimped, prestriped, and prepolished 
types. Sheets may be obtained in thicknesses ranging from about 0.010 to 
0.062 in. (corresponding to steel gages 32 to 16) and in widths up to 48 in. 
and lengths to 144 in. (Table 5.28). 

The sheets are covered at the production plant with strippable adhesive- 
coated paper or vinyl plastic, and may be formed, drawn, blanked, riveted, 
or welded in the usual manner. The prefinished surface will not be damaged 

by the fabrication if proper precautions are taken and the protective coating 
is kept intact. ° 

Many of these materials are worth consideration for use in the fabrication 
of curtain wall components. 


ROLL-EMBOSSED METALS 

The type of treatment for metals called “roll embossing” may be used to 
advantage in many curtain wall applications. Accomplished by textured 
rolls, roll embossing can be performed on any of the metals commonly used 
in curtain walls. In addition to the variety of textures produced (Fig. 5.23), 
the treatment has the advantage of making the metal go further. To explain 
the rolling process redistributes part of the metal away from the neutral 
axis of the flat sheet, imparting increased rigidity and strength to the finished 
product. This means that a roll-embossed sheet may be equal in properties 
to a similai flat sheet several gages thicker. Another very important attribute 
of the textured sheets is the elimination of many of the effects of distortion 
and waviness. Roll-embossed sheets are often less distorted than ordinary 
sheets in actual fact, and of course, the treatment makes them look less 
bowed even if they are distorted. 

Unlimited possibilities exist for patterns, but the number of stock textures 
available in sizes large enough for most curtain wall panel use is somewhat 
limited. The patterns shown in Fig. 5.23 are produced in widths of 24 in. or 
more. For smaller components, numerous other patterns ranging in width 
from about 6 to 24 in. may be obtained. 

Ordinarily obtained on stainless and carbon steel, aluminum, brass, and 
copper, roll-embossed patterns may increase the tensile strengths of flat 
sheets up to 100 per cent. They can impart over 100 per cent more stiffness 

or rigidity and raise the other properties of sheet metals correspondingly 
(Table 5.29). t 

Roll-embossed sheets may be perforated, welded, riveted, soldered, or 








TABLE 5.28 TYPICAL PROPERTIES OF PREFINISHED METALS 
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•superior; B—excellent; C—good; D—fair; E—not recommended. 
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Fig. 5.23 Typical roll-embossed patterns for curtain wall use 
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Fig. 5.23 Typical roll-embossed patterns for curtain wall use 
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lock-seamed. They may be formed in the same manner as flat sheets, except 
that die clearances must be adjusted for the greater thickness. Minimum 
recommended bend radii for textured sheets are twice the actual pattern 
thickness. Sharper bends are possible for deeper patterns if the bends are 
made along the apex of the design, and more severe bends are possible at 
right angles to the pattern direction. In drawing, no pattern distortion occurs 
in most types for draws up to 1 in. deep. For deeper draws, a stress reliev¬ 
ing anneal between draws is often recommended. 

All standard mill finishes are available on roll-embossed sheets. In addi¬ 
tion, special finishes of various types may be obtained. Examples of special 
finishes are as follows: 

1. Satin finish—Produced by polishing with an abrasive belt and No. 160 
to No. 180 grit 

2. Super luster—A highly polished, bright finish produced by electro¬ 
lytic polishing 

3. Enameled—A baked-on, synthetic enamel paint finish 

4. Enameled and highlighted—Same as enameled, except that the enamel 
is removed from peaks of the pattern with an abrasive or felt 

5. Oxidized and highlighted—The dull oxidized film produced in roll em¬ 
bossing is allowed to remain in valleys, but the peaks of the pattern are 
buffed to a luster 

6. 2D finish, highlighted-A mill finish similar to finish 2D for stainless 
sheets, highlighted. 

TABLE 5.29 COMPARISON OF PROPERTIES OF FLAT AND EMBOSSED STEEL 


Same type of sheet; 

17-7 Stainless steel, embossed depth. Percent 

full hard 0.015 in. difference 


Flexural rigidity (El), sq in.—lb 

14.29 

25.88 

88 

Buckling strength, psi 

44,000 

59,000 

35 

Impact strength 1 (18 gage), in. 

0.118 

0.072 

39 

Yield strength, tension, psi 

38,950 

75,100 

92.8 

Ultimate strength, tension, psi 

90,600 

105,900 

16.9 

Elongation in 2 in., per cent 

63.5 

40.5 

—20.6 


1 Plummet dropped 11 ft 7^4 in. onto 4-in. disk supported on wood ring with 2-in. diameter base. 


DECORATIVE SCREENS 

A rapidly spreading design motif related to the curtain wall and to solar 
controls is the employment of decorative screens of metal or other materials 
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outside of or adjacent to the wall. Many materials originally intended for 
other uses have been put to work for this purpose. These include clay flue 
tile, sections of metal pipe and other shapes, perforated metals, and ex¬ 
panded metals. Materials other than metal used for this purpose are dis¬ 
cussed elsewhere in this book. 

Expanded metals. First produced to serve as metal lath, expanded 
metals were eventually utilized as space dividers, shelving, machinery 
guards, and the like. Types are now on the market that were designed for 
the express purpose of creating striking ornamental patterns (Fig. 5.24). 
Expanded metals are made of stainless and carbon steel, monel, brass, alu¬ 
minum, and copper. Thicknesses of the original sheets range from 0.010 to 
0.110 in.; the size of openings is from to 1% in. or more. Expanding 
increases the original sheet size up to three times the original dimensions 
and also thickens it considerably. Up to 90 per cent of the area may be open, 
and the weight of the sheet may be greatly reduced while the strength of 
the sheet remains almost constant, or increases. Sheets are available com¬ 
mercially in sizes up to 80 in. wide and to 120 in. long. 

Expanded metals are produced by a shearing process utilizing special 
serrated knives that slit the cold metal at regular intervals and thrust the slit 
strands outward. One expanded row is completed by moving the knives 
the width of a strand and again slitting the metal to complete the pattern. 
By changing the strand thickness and the shape of the knives, innumerable 
patterns may be achieved. 

Aluminum expanded patterns may be anodized or color-anodized before 
or after processing. If they are color-anodized before expanding, a two-color 
form is produced in which the natural aluminum is dominant when viewed 
from one direction and the applied color from the other. The metals may be 
reflattened to the original thickness by cold-rolling after expansion. 

In curtain wall installations, expanded metals can be used in ornamental 
screens to block sunlight partially for solar shading and to create subtle 
nuances of transmitted and reflected light for decorative reasons. 

Perforated metals. An economical type of sheet metal that may be 
used for screens is perforated metal. A vast number of standard patterns is 
marketed, with square, rectangular, round, triangular, and many other per¬ 
foration shapes. Combinations of different perforations are also available. 
Sizes of round perforations range from about 0.020-in. diameter (screens 30 
per cent open) to 9.5-in. diameter holes (screens 66 per cent open). Holes 
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Fig. 5.24 Typical expanded metal patterns 


of other shapes are produced in similar ranges. Perforations may be stag¬ 
gered, diagonal, in diamond conformations, and the like. Figure 5.25, which 
shows a few of the many standard patterns and sizes, gives an idea of the 
variety possible. 

Perforated sheets of many metals may be obtained, including aluminum, 
brass, copper, galvanized iron, stainless, carbon steel, nickel, and nickel- 
silver and other copper-based alloys. Also produced are perforated fibers, 
plastics, and plywood. The perforated sheets may be roll-embossed for the 
addition of texture and increased strength. Fabrication is the same as for 
unperforated metals. 













Fig. 5.25 Typical perforated metal patterns 


Screens fabricated from standard metal sections. The possibilities for 
combining standard metal sections to make screens is limited only by the 
creative effort of the designer. Rings or short pieces cut from pipes, stock 
shapes, extrusions, rolled members, and the like, welded or otherwise 
fastened together, may be combined into a vast number of patterns. Screens 
may be created in this manner from any metal. They may be quite shallow 
for purely ornamental use or appropriately deep for solar shading. They may 
be finished by any of the common methods—textured, roll-embossed, or por¬ 
celain-enameled. 














































CHAPTER 6 


The Materials: Porcelain 


Enamel, Glass, Plastics 


PORCELAIN ENAMEL 


Porcelain enamel—which might more properly be called vitreous enamel 
in order to distinguish it from paints-is a completely inorganic substance. 
Closely akin to glass, its primary function in curtain wall design is the coat¬ 
ing of other materials to impart qualities these do not normally possess. 
Among such properties are highly permanent color in a wide range, weather 
resistance, ease of cleaning, and long life. The use of porcelain-enameled 
products in architecture has grown rapidly since World War II, and one 
of the more spectacular uses has been in curtain walls (Fig. 6.1). 


CLASSIFICATIONS 

The classification of porcelain enamels is based primarily on the type of 
material to which they are to be applied. A great variety of bases may be 
used, including cast iron, carbon steel and iron, stainless steel, copper and 
copper-based alloys, aluminum, clay products, and even some types of con¬ 
crete products. See Table 6.1 for typical characteristics of frits and mixes 
used for curtain wall materials. Two types of coats are usually applied, the 
ground coat and the cover coat. The ground coat, which in some instances 

199 








Fig. 6.1 Porcelain enamel curtain wall (Manufacturing Development Building, General Motors Technical 

Center, Warren, Mich.) 


may be the only coat, has as its primary purposes the insuring of adherence 
of the cover coat or coats and the prevention of chemical action between 
the base and the cover coat. The cover coats provide the required resistance 
to weathering and abrasion, and impart color and texture to the finished 
product. 

The most important porcelain-enamel base used today in curtain wall 
work is carbon steel, usually in the form of enameling iron or titanium 
enameling steel. The use of aluminum as a porcelain-enamel base has grown 
rapidly; it will probably replace enameling iron as a base for many applica¬ 
tions when its costs are lowered. Stainless has also been suggested as a base; 
it may have some applications in facings that are to be partially enameled 
with a portion of the metal left exposed. 

Porcelain enamel on enameling iron. The usual base for architectural 
porcelain enamel until a few years ago was enameling iron. This metal, first 
rolled for this purpose in 1909, is specially refined and processed for to¬ 
day’s practices. Approximately 99.9 per cent pure, it has a lower percentage 
of impurities than any other commercially available ferrous product. The 
purity and low carbon content are made necessary by the high firing tem¬ 
peratures used in enameling. The surface of enameling iron has a pattern of 
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relatively smooth ridges and valleys imparted by the rolling process. T his 
minutely indented surface helps to insure a good bond between the metal 
and the ground coat. 

Enameling iron is relatively free from harmful gas and solid inclusions in 
the metal and has a uniform surface texture and a homogenous structure. It 
may be formed readily, has good drawing characteristics, and is easily 
worked. Special grades are available for severe forming and deep draws. It 
can be welded by electric or oxyacetylene methods. If more than the usual 
flatness is desired, enameling iron may be stretcher-leveled. A typical com¬ 
position of enameling iron is as follows: 

Carbon: 0.013 —0.03 percent 

Manganese: 0.023 -0.15 percent 


TABLE 6.1 REPRESENTATIVE FORMULAS FOR PORCELAIN ENAMELS 
(ON STEEL) 


Type of coat 

Materials 

Amount, 
per cent 

Ground 

Feldspar 

29.30 


Silica sand 

20.40 


Borax 

29.30 


Soda ash 

8.80 


Soda nitrate 

4.90 


Fluorspar 

3.90 


Cryolite 

2.00 


Manganese oxide 

0.60 


Cobalt oxide 

0.40 


Nickel 

0.40 

White cover 

Feldspar 

30.60 


Cryolite 

10.10 


Zinc oxide 

4.75 


Ti0 2 

12.00 


Quartz 

30.80 


Dehydrated borax 

13.70 


kno 3 

3.70 


Ba0 2 

1.20 

Blue cover 

Borax 

27.80 


Feldspar 

25.80 


Silica 

22.30 


Cryolite 

4.30 


Fluorspar 

5.30 


Soda ash 

7.30 


Soda nitrate 

4.30 


Manganese dioxide 

1.00 


Cobalt oxide 

1.40 


Iron oxide 

0.50 
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Sulfur: 
Phosphorus: 
Silicon: 


0.020 -0.025 per cent 
0.0075-0.01 per cent 


a trace 


Physical properties are in the following ranges: 


Tensile strength: 


38,000-48,000 psi 
18,000-32,000 psi 
48 per cent in 2 in. max. 


Yield point: 
Elongation: 
Hardness: 


33-52 Rockwell B 


Enameling iron continues to be the most widely used base metal for 
porcelain-enameled curtain wall components. It is the least expensive base, 
and its qualities are adequate for many applications. 

Porcelain enamel on titanium enameling steel. Another type of ferrous 
base metal for porcelain-enameling is titanium enameling steel, an open- 
hearth product. The titanium in the alloy combines with the carbon to form 
titanium carbide, which is quite stable at high temperatures and imparts 
very good sag characteristics to the metal. The steel is stable during firing; it 
has about the same strength as enameling iron and somewhat better form¬ 
ing qualities; and it lends itself to one-coat firing of some enamels. Although 
higher in price than enameling iron, it is often used because of its superior 
characteristics. For some applications, moreover, the final cost may approxi¬ 
mate the final cost with enameling iron because of the lower processing and 
enameling costs entailed. A typical composition of titanium enameling steel 
is as follows: 


Carbon: 0.05 per cent 

Manganese: 0.25 per cent 

Sulfur: 0.03 per cent 

Phosphorus: 0.01 per cent 

Silicon: 0.10 per cent 

Titanium: 0.30 per cent 


Porcelain enamel on aluminum. A relatively recent development, 
porcelain enamel on aluminum has been made possible by new types of frits 
that can be fired on at much lower temperatures than the frits for steel. High 
costs have limited the use of this combination in curtain walls so far, but 
wider acceptance and new techniques are rapidly driving the costs down. 
The advantage of long-lasting color is the major reason for applying porce¬ 
lain enamel to aluminum. Secondary reasons are increased resistance to cor- 
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rosion and increased strength (a 3-mil coating of porcelain adds about 60 
per cent to the strength of a 0.051-in. aluminum sheet while increasing its 
thickness only 6 per cent and its weight about 10 per cent). 

Porcelain enamel on aluminum has several advantages over enamel on 
steel. Aluminum has good corrosion-resistant properties of its own and thus 
minimizes weathering at damaged places in the enamel. The material may 
be cut, drilled, and fabricated to some extent after enameling. Fewer coats 
may sometimes be used than are required on steel. 

The aluminum alloys most widely used for porcelain-enameling at the 
present are the following: 

Sheet metal: No. 3003 and No. 6061 

Extrusions: No. 6061 and No. 6063 

Castings: No. 43 

These alloys generally have the highest properties during and after 
bring, possess good surface characteristics for adherence, are easily prepared 
or firing, resist warping in the furnace, and are weldable and economical 
Other alloys sometimes used are No. 1100 and No. 6053 (see the discussion 
of aluminum alloys in Chap. 5). 

Porcelain enamel on miscellaneous materials. One of the traditional 
base metals for porcelain enameling used by early craftsmen was copper. 
Still found in decorative ware and jewelry, it could conceivably be used for 
curtain wall components. 

Experimental use has been made of aluminized steel as a porcelain-enamel 
base. If this product becomes commercially available, it will combine the 
strength of steel with many of the advantages of aluminum. A major ad¬ 
vantage would be the lower firing temperatures needed for the firing of 
aluminum frits, which would result in minimum warpage. 

Use of stainless steel as a porcelain-enamel base has been suggested. Al- 
t lough the cost of the process and the metal would usually be prohibitively 
high, some advantages would accrue. Use of low-temperature frits would 
allow one-side firing with little warpage because of the strength and cor¬ 
rosion resistance of the stainless. Many combinations of colored and exposed 
metal would be possible, with the porcelain being applied only to the high 
or the low points of embossed or patterned metal. Since color rather than 
corrosion protection would be the object, one coat would usually suffice. 

Porcelain enamel has also been successfully applied to aluminum foil, 
concrete block, and many other products not used in curtain walls. 
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8 12 16 20 24 28 32 36 40 44 48 52 56 60 

Metal thickness for panel with 0.013-in. coating (0.001 in.) 

Fig. 6.2 Effect of metal thickness on impact strength 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The chemistry of porcelain-enamel mixtures is highly involved. There 
are innumerable possible combinations of materials for obtaining various 
effects and purposes. In practice, the curtain wall designer need not concern 
himself with the chemistry of the process but may specify the colors, fin¬ 
ishes, and properties he wishes, leaving the choice of frits and the like to 
the producers. Mechanical and physical properties vary somewhat with the 
mixes used for different colors, textures, and other qualities. 



0.010 0.015 0.020 0.025 

Total thickness of coating, in. 


Fig. 6.3 Effect of enamel thickness on impact strength 
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Thickness. Direct relationships exist between the durability of the fin¬ 
ished product and the thickness of the base metal and applied coatings. 
Porcelain enamel on enameling iron adheres better under impact to the 
thicker gages of metal. The amount of impact required to break the coating 
is ordinarily the force needed to damage the metal base (Fig. 6.2). For porce¬ 
lain on aluminum, an even larger deformation under impact is required to 
damage the coating. 

Total thicknesses of porcelain-enamel coatings have gradually been re¬ 
duced from a range of 0.015 to 0.020 in. down to the present thickness of as 
little as 0.007 in. for some titanium enamels and to 0.003 in. for some alumi¬ 
num enamels. The usual enamel on enameling iron measures about 0.002 to 


TABLE 6.2 COMMON THICKNESSES FOR ENAMEL COATS 


Type of base 


Thickness , 
in. 


Minimum 

Average 

Maximum 1 

Steel, ground coat 

0.002 

0.003-0.005 


Steel, cover coats 


0.003-0.009 

0.025 

Aluminum, ground coat 


0.002-0.004 


Aluminum, cover coats 


0.004-0.009 

0.012 


1 Normal limits, or point of maximum reflectivity. Coats may be built up in layers if required. 


0.005 in. for the ground coat and 0.003 to 0.020 in. for each cover coat. Al¬ 
though reduction in the materials required has been one result of the thinner 
coatings, the major advantage has been the increased resistance to impact 
damage (Fig. 6.3). For 20-gage enameling iron enameled on both sides, the 
average radii of bend necessary to cause failure of the enamel are as follows: 

THICKNESS OF ENAMEL PER SIDE, in. RADIUS OF BEND TO CAUSE FAILURE, in. 

0.0023 8.0 

0.0040 10.6 

0.0085 11.8 

The thickness actually used for a given mix is usually determined by the 
type of enamel and the number of coats necessary to assure opacity and uni¬ 
form color. In practice, the usual thicknesses are those given in Table 6.2. 
For installations subject to extreme acid or chemical corrosion, thicker coat¬ 
ings should be used. 
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Density. The density of most porcelain enamels ranges from 0.09 to 
0.11 lb per cu in. In practice, the thinness of the coatings makes their weight 
almost negligible. 

Hardness. Porcelain enamel is a hard, dense material, similar in this 
quality to glass. The range is from about 4 to 6 on Moll’s scale. As a result of 
the extreme hardness of the material, porcelain imparts to its metal base 
good resistance to abrasion and scratching. It resists wear through its hard¬ 
ness, high surface gloss, smoothness, and low surface friction. Depth of pene¬ 
tration in various materials of the Taber abraser after 10,000 wear cycles 
(using silicon-carbide wheels) is as follows: 

MATERIAL DEPTH OF PENETRATION, CTH 

Copper plate 0.00083 

Nickel plate 0.00048 

Hard chromium plate 0.00019 

Porcelain enamel 0.00014 

Impact strength. The impact strength of porcelain enamel alone is 
very poor. The figures obtained (independently of the base metal) are in¬ 
conclusive and of no great value. As pointed out in the section on thickness, 
the thinner coatings generally have greater resistance to impact, although 
the opposite has been true of some enamels. In practice, it is considered 
wise to have particular enamels tested for their properties. Chipping, a fail¬ 
ure in which a sizable piece of enamel is removed from the metal by impact 
loads or other causes, is greatly lessened by good adherence of the coating 
to the metal, good elasticity of the enamel, and the use of strong base met¬ 
als. Chipping is most likely to occur at corners and edges; the sharper the 
edges, the greater the likelihood of this sort of failure. Increasing the gage 
of metal used or stiffening the panel will lessen the tendency of the coatings 
to chip. It is often recommended that the thickness of coating be increased 
on radii (along edges) for added protection. 

Strength. The strength of porcelain enamels apart from that of the 
base metal has no significance to the curtain wall designer. It is usually as¬ 
sumed that the coatings take on the properties of the metal itself. Many 
tests have shown that failures of thin, well-adhered porcelain almost always 
involve permanent deformation of the metal itself. Other tests show that al¬ 
though porcelain-enamel coatings add strength to the base metal in flexure 
and bending, the ultimate tensile and yield strengths may be reduced by 
the annealing of the metal during firing. Some experiments have been con- 
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ducted in the use of a water quench after firing. This procedure restores 
some of the original strength to the metal, but it is not practical for most 
applications. 

TEMPERATURE CHARACTERISTICS 

Effect of low and high temperatures. Low temperatures of the sort en¬ 
countered in curtain walls do not materially affect porcelain enamel. For 
high temperatures, the enamels in general use exhibit excellent resistance 
to thermal shock, ordinarily being capable of withstanding rapid tempera¬ 
ture changes of more than 200° F without damage. Many types can resist 
even greater temperatures, but this property is not of much importance in 
curtain walls. The thermal-shock-resistance qualities are best when the co¬ 
efficients of thermal expansion of the base metal and the porcelain closely 
approximate each other. 

Thermal conductivity. The thermal conductivity of porcelain enamel 
is in a very low range, about 3 to 9 Btu per in. per sq ft per deg F per hr, but 
this property is of little value to the curtain wall designer because of the 
extremely thin coatings used. 

Thermal expansion. The thermal coefficients of expansion of porcelain 
enamels lie in the range 8.0 X 10“® to 12.0 X 10~® in. per in. per deg F. 
This range is broad enough so that enamels may be chosen with coefficients 
similar to those of the base metals to be used. The enamel coefficients should 
ordinarily be greater than, or about equal to, that of the base metal through¬ 
out the firing-range temperatures to insure that no undue strains will be set 
up between the two. Widely differing coefficients may lead to chipping, spall¬ 
ing, and lowered resistance of the product to thermal shock. 

Thermal use limits and melting range. The limiting temperatures are 
considered to be 600-1,000° F for most coatings. However, the softening 
range of the porcelain will approximate the firing temperature. 

The melting range for aluminum base metals is 900-1,300° F; the melting 
range for enameling iron is about 2,800° F. 

Another quality related to temperature that is necessary for base metals 
is resistance to sag, or stated in another way, the ability of the metal to sup¬ 
port its own weight at firing temperatures (Fig. 6.4). Enameling iron is much 
superior to ordinary steels in this respect, and titanium enameling steel is 
better than enameling iron. 

DURABILITY 

The types of porcelain enamel recommended for curtain wall uses (Fig. 
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6.5 and 6.6) are extremely durable. Atmospheric weathering does not affect 
them to any extent over long periods of time. The most important threat to 
the surface is breakage of the coating. Such chipping may expose ferrous 
base metals to rust and aluminum base metals to oxidation. As the life of 
an exposed aluminum base will be the same as that of any other aluminum 
product of the same alloy, there is little cause for alarm if its coating is 
chipped. 

Although chipping of porcelain on enameling iron or titanium steel is ad¬ 
mittedly serious, it does not allow rust to creep back under the coating, as 
so often happens when paints chip. The rust will be concentrated and will 
eventually penetrate the metal at the broken spot, but it will not spread to 
the area around the break. Small bits of ferrous metal on the surface of 
porcelain-enameled sheets eventually rust, and these localized rust spots are 
sometimes mistakenly identified as chips or breaks. Care in the cleaning of 
the surfaces will eliminate this source of trouble. Welding should be avoided 
near porcelain enamel, because bits of molten welding rod may adhere to 
the surface and rust. 

Life expectancy. Porcelain enamels are classified for acid resistance 



Temperature, deg F 

Fig. 6.4 Sag in ferrous metals at elevated temperatures 


























Fig. 6.6 Ground view of Ford Central Staff Building 




























210 



Fig. 6.7 Acid resistance of porcelain enamels 

in accordance with standard tests of the Porcelain Enamel Institute (Fig. 
6.7). The standard types of enamels are AA, A, B, C, and D. Type AA (which 
has the greatest resistance and type A are usually called acid resistant. In 
practice, resistance to weathering has been found to be proportional to acid 
resistance. Acid-resisting types are affected very little by the weather to 
which a curtain wall is ordinarily subjected. 

Long-term weathering tests of porcelain-enamel finishes have been under 
w&y since 1938, when panels 1 sq ft in size were placed at several locations; 
at the same time matching specimens were stored away from light and air. 
After approximately 10 years, the panels were examined to determine the 
differences between the ones stored and the ones exposed. The standard 
Porcelain Enamel Institute tests for weathering, based on the retention of 
initial specular gloss, were given the panels. The results of the tests are 
given in Table 6.3. Visually, there was little difference between the exposed 
and the stored panels of the class AA and class A (acid-resisting) enamels. 
They retained a large amount of gloss and had resisted fading very well. 
Class B enamels, although inferior to the acid-resisting types, retained 
much of their initial gloss. They appear to be capable of resisting severe 
fading for periods of 7 to 15 years. Enamels in the C and D classes appear to 
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be unsuitable for curtain wall use, except possibly in installations where 
long-time protection and appearance are of less importance. All panels, re¬ 
gardless of class, resisted corrosion of the base metal so long as the coverage 
was complete and suffered no physical damage. 

Galvanic corrosion. Since the porcelain enamels are basically glass, 
no trouble may be expected from galvanic corrosion unless a defect exposes 
the base metal, or the fasteners used are subject to such corrosion. 

Chemical corrosion. Acid-resisting porcelain enamels are highly re¬ 
sistant to corrosion by most industrial and all common chemicals. However, 
some strong alkalies affect the surface; for installations exposed to these, 
special alkali-resistant enamels should be specified. 

TABLE 6.3 PORCELAIN ENAMEL WEATHERING TESTS 


A General Weather Data for First Year of Exposure 


Location 

Atmosphere 

Exposure period 
(inclusive) 

Total 
rainfall , 1 
in. 

Total 

sunshine , 1 
hr 

Average 
tempera¬ 
ture, x 
deg F 

Average SO 2 
content, parts 
per million 
by volume 

Washington, D.C. 

Temperate, 

residential 

Dec. 1939 to 
Nov. 1940 

40.1 

2,344 

54.5 

0.008 

St. Louis, Mo. 

Temperate, 

industrial 

April 1940 to 
March 1941 

24.4 

2,762 

57.0 

0.366 

Lakeland, Fla. 

Semi-tropical, 

residential 

July 1940 to 
June 1941 

48.6 

2,751 

71.1 

2 

Atlantic City, N.J. 

Temperate, 
salt air 

Aug. 1940 to 
July 1941 

37.4 

2,747 

53.4 

_ 2 


B Average Percentage of Initial Specular Gloss Retained 


Class of 
enamel 3 

Washington 

St. Louis 

Atlantic City 

Lakeland 

Average of 
four locations 4 

CO 2 test 

AR glossy 

89.6 

90.3 

89.2 

92.2 

90.4 

94.7 

AR semi-matte 

89.6 

89.6 

93.4 

90.7 

90.8 

96.6 

AR (average) 

89.6 

89.9 

91.3 

91.4 

90.6 

95.6 

Non-AR glossy 
Non-AR semi¬ 

73.2 

78.9 

82.4 

85.1 

79.9 (P) 

11A 

matte 

Non-AR 

74.6 

80.9 

83.2 

85.7 

81.0 (P) 

74.9 

(average) 

73.9 

79.9 

82.8 

85.4 

80.5 (P) 

76.2 


1 Actual period of exposure. 

- Not available. 

{ AR=acid-resistant; non-AR = non-acid-resistant enamels. 

4 Enamel classes marked (P) are known to have pitted after exposure at one or more of the four locations; 
the lower the average percentage of gloss retained for enamels marked (P), the more pronounced/ in general/ 
was pitting. 

















Fig. 6.8 Appearance of porcelain enamel in curtain walls 

a. First Security Building, Salt Lake City, Utah 

b. National Headquarters, International Union of Operating Engineers 

Washington, D.C. ' 

c. U.S. Steel Homestead Works, Pittsburgh, Pa. 

d. Standard Federal Savings Building , Los Angeles, Calif. 

APPEARANCE 

In addition to their extremely good weather resistance, porcelain enamels 
have the advantage of a virtually unlimited color range. Numerous special 
effects may be obtained by texturing, stippling, multicolor work, and other 
processes (Fig. 6.8). 

Color. Subject to certain restrictions, porcelain enamels may be ob¬ 
tained in all hues, shades, and degrees of brightness. As is to be expected, 
colors vary in cost, number of coats and firings required, and ease of control. 
Some are available in gloss types but not in semi-matte and matte finishes; 
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some are not as acid-resistant as others. But within these natural limits, the 
curtain wall designer can use color almost at random. As color matching in 
porcelain is a highly skilled art, it is not always perfect. However, colors 
can be matched with more certainty than is possible for most other curtain 
wall materials. Two or more colors may be employed for variety. Murals of 
porcelain enamel (in which the artist works directly on the panels with 
enamels) offer many possibilities for the marriage of painting and architec¬ 
ture. Porcelain enamel can be silk-screened or stenciled; ceramic decals can 
be applied to its surface. Combination effects may be obtained by stippling, 

spraying enamel from different angles in varying intensities, and other 
special processes. 

Finishes and textures. Textures in porcelain enamel may be obtained 
by the use of roll-embossed or otherwise formed base metal; they can also 
be built up by special spraying methods, as in stippled or mottled finishes. 
Finishes are classified as gloss, semi-matte, and matte. 

Reflectivity. Reflectivity is related to the finishes used on porcelain. 
It varies (measured on the Gardner Glossometer) from 85 per cent for some 
gloss enamels down to 5 per cent for some full-matte finishes. In selecting 
porcelain enamels, it should be remembered that gloss types generally have 
the highest acid resistance and matte finishes the lowest. Until recently, no 
matte acid-resistant enamels were available. Matte finishes tend to collect 
dirt more rapidly than the others, but they also reduce objectionable visual 
effects of surface variations. 

Porcelain enamels are classified for gloss according to the gloss reflection 
values of the Hunter Reflectometer, as follows: 


TYPE 


white, per cent 

5.0 

4.5 

less than 1.0 


dark, per cent 


Gloss 

Semi-matte 

Matte 


6.5 

6.0 


Opacity of white enamels is used as a measure of the hiding power of the 
coatings. Although hiding power and reflectivity are not the same thin g 
the correlation between the two is close enough to make this measure prac¬ 
tical for white glossy enamels. Opacity is measured in terms of a percentage 
by comparing the reflection of a beam of light from an enamel surface with 
the light reflected from a standard surface of magnesium oxide. The meas¬ 
urements are commonly made on the Hunter Reflectometer. Acceptable 
hiding power is considered to be 65 to 80 per cent for white enamels and 
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TABLE 6.4 GAGES AND WEIGHTS OF SHEET METAL FOR 
PORCELAIN ENAMELING 


Steel 

Mfrs. standard 

Weight per sq ft 

Approximate thicknessj 

gage No. 

ib 

in. 

14 

3.125 

0.075 

16 

2.5 

0.060 

18 

2.0 

0.048 

20 

1.5 

0.036 

22 

1.25 

0.030 

24 

1.00 

0.024 

26 

0.75 

0.018 

Aluminum 

Brown & Sharpe 

Approximate weight per sq ft , 

Approximate thickness , 

gage 

Ib 

in. 

_ 

1.78 

0.125 

10 

1.45 

0.101 

12 

1.15 

0.080 

14 

0.91 

0.064 

16 

0.72 

0.051 

18 

0.57 

0.040 

20 

0.45 

0.032 


0.5 to 15 per cent for dark enamels, with colors falling between the extremes. 

Waviness. Distortion of the surface, or waviness, is a problem in por¬ 
celain-enameled curtain wall components. Sometimes it is magnified by the 
stresses set up in the metal during firing, especially in formed parts, the 
edges of which may resist deformation while the centers are distorted con¬ 
siderably. Embossing of the surfaces, texturing or stippling, lamination to 
rigid cores, and stiffening of the panels with ribs are possible methods for 
eliminating or minimizing waviness. 


SIZES OF PORCELAIN ENAMEL PRODUCTS 

Few porcelain-enameled products for curtain wall use are available in 
standard sizes. The innumerable variations of color, texture, and size have 
prevented standardization to any extent. Sizes of particular parts are usually 
dependent on the dimensions of the enameling equipment (furnaces, spray 
booths, pickling vats) and on the available sizes of basic materials for enam¬ 
eling. Gages, weights, and dimensions of enameling metals are given in 
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Table 6.4, and the maximum and recommended sizes for components are 
given in Table 6.5. 


FABRICATION 

Workability of base metals. Enameling iron has very good working 
characteristics. It is usually produced in two types—commercial and draw- 
ing quality. The former is satisfactory for most work, including shallow 
drawing, whereas the latter is intended for work involving deep drawing or 
severe forming. Titanium enameling steels, which have somewhat better 
working qualities than enameling iron, are also produced in commercial and 
drawing grades. Aluminum alloys for porcelain-enameling have the same 
excellent working characteristics aluminum has for other purposes. 

Castings. Although porcelain-enamel castings have had little or no 
application in curtain wall work, there is no reason why they might not be 
utilized for special purposes in the future. Enameling can be done on cast 
iron, cast steel, malleable iron, and cast aluminum. The coating mixtures 
(slips) used are approximately the same as for sheet metal. Care must be 
taken to insure that the castings are of high quality, are uniform and dense, 
and have clean surfaces free from imperfections. The coatings applied to 
cast products may be thicker than those on sheet metal, since there is less 
chance of deflection under loads. 

Extrusions. Some porcelain-enameling of extruded aluminum parts 
has been tried, and the process may become important for the production of 
such curtain wall components as windows, mullions, and sun shields. 

Sheet metal fabrication. Sheet metals for enameling are formed in 


TABLE 6.5 SIZES OF PORCELAIN-ENAMELED PRODUCTS FOR CURTAIN WALLS 


Product 

Recommended sizes, 1 
in. 

Maximum sizes 
available, 
in. 


Average limit 

Maximum limit 



W L T 

W L T 

W L T 

Porcelain-enamel 
on steel 

Porcelain-enamel 
on aluminum 

48 X 72 X 16 gage 

(flat) 

48 X 60 

48 X 96 X 16 gage 
(formed) 

48 X 96 

70 X 168 X 14 gage 

(formed) 

60 X 144 


1 Thinner gages are often used for laminated panels (to 32 gage). 
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much the same manner as for uncoated use. Certain precautions must be 
taken, however, when forming metal for enameling. One of the most impor¬ 
tant considerations is the necessity for firing the finishes. Preventing the 
metal from sagging in the furnace, minimizing uneven stresses within the 
part during and after firing, preventing permanent deformation of the metal 
by the heat—these are all extremely important design considerations. Since 
they are also highly technical, the required safeguards and allowances can 
best be determined by close cooperation with the fabricator. 

It is very important to use the proper radii of curvature on all corners. 
These are generally larger than for uncoated metal because of the relative 
difficulty of insuring adhesion. The recommended radii are given in Fig. 6.9. 
Partial flanges may produce stress points; cutouts, notches, and large holes 
may cause buckling or oil-canning ; metal of too light a gage may warp, 
sag, or twist. Such methods as corrugating, roll embossing, and fluting 
often help keep panels flat when fired. 

Flanges should have %-in. minimum depth for panels up to about 12 sq 
ft. For larger panels, they should be proportionately deeper. For unlami¬ 
nated panels, ferrous metal bases should be at least 18 gage, with 16 gage 
recommended for panels larger than about 16 sq ft. Sheets for lamination 
to other materials are produced down to 32 gage in the same material. 

Fabrication and forming of aluminum base metals parallels that of ferrous 
bases, and is similar in most respects to the processes used for uncoated 
aluminum. The extremely good workability of aluminum base metals allows 
almost unlimited sawing, drilling, punching, shearing, and forming. After 
being coated, enameled aluminum can withstand limited forming operations 



0 0.25 0.50 0.75 1.0 1.25 

Bottom radius of bend, in. 

Fig. 6.9 Bending radii for porcelain enamels 
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w.thout surface damage or risk of deterioration of exposed or raw edges 
ince porcelain-enameled aluminum is somewhat less strong than steel 
heavier gages may often be necessary. A rule of thumb often applied is ttat 
aluminum bases should be approximately 1% times as thick as steel 
However, they will weigh only about one-half as much. 


FASTENERS 


i'^f,7* sMe " "S' Brazi ”S. soldering, and similar methods are 
impractical for porcelain-enameled parts, except possibly on aluminum that 
IS enameled on one side only. 

Welding. Welding is used almost exclusively for permanently fasten- 
mg porcelain components before enameling. It is frequently used with 
screws and clips, for fastening components to curtain wall assemblies and 

ti lt u m f ° re enameli "& a »y welding technique may be used 

yields sound welds, free from inclusions, bubbles, and cracks. Welds 
should be designed to develop the full strength of the adjacent metal. Sharp 
comers should be avoided; it is considered best to make the weld near (bid 
not on) the corner in order to minimize chipping. 

shouldHSlr WeI ?" S ,° f PartS lha * ^ '° be enameled ’ a neutral flame 
ould be used to avoid carburization or oxidation of the metal. All welding 

deformation 10U ^ accomplished at the highest possible speed to avoid 

if ST" 6 ? l ° , b t Welde<1 Sh ° Uld ** Cleaned before joining, particularly 
if they have been lubricated for drawing or other operations. If allowed to 

dTcte J Zi. ^ ° ften ° XidiZeS d "‘* -sing 

in^tC P ' et f d We ! dS Sl '° U , ld be Cleaned wilh abrasive wheels or disks, leav- 

not be J' f “ e * a " a " d Sm ° 0lll> ready for enameling. The surface should 
disfie sosrmKjtliasto cause poor adherence, nor so rough as to result in 
disfiguration of the finish enamel. Finished porcelain should be protected 

from we ding spatter; the bits of metal i, may deposit on the surface wffl 
eventually cause rust. W1U 

Miscellaneous fasteners. Porcelain components for curtain walls mav 

welded'to tlT b0, ' S - Screws ’ cli P s - and other fasteners. Clips are usually 
welded to the par before enameling but may be fastened by screws or 

lteril ea Forfh F °' ° ther , f “ leners sb ° uld be "“de of noncorrosive 
aterials. For this reason, stainless steel is frequently used 

Clearances for bolt or screw holes must allow for enamel coverage of the 
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edges of the hole. An allowance of % 2 in. to % in. is recommended. This 
clearance will permit enamel to build up around the hole and still allow 
some clearance for insertion of the fastener. 

TESTS 

The Porcelain Enamel Institute has standard tests for most of the major 
properties of porcelain enamel (also tests for pickling and cleaning solutions) 
and for finished porcelain surfaces. Of interest to the curtain wall designer 
are the following tests: 1 2 

PEI T-l—Gouging resistance 

PEI T-2—Surface abrasion resistance 

PEI T-3—Warpage 

PEI T-5—Torsion resistance 

PEI T-6—Impact strength 

PEI T-7—Acid resistance 

PEI T-13—Reflectivity 

PEI T-17—Adherence 

PEI T-18-Gloss 

CLEANING AND PROTECTION 

After erection, porcelain-enamel curtain wall parts should be thoroughly 
cleaned with mild soap and water. Hard-to-remove dirt may be scoured 
lightly with household cleanser. Protective coverings are not usually used 
for porcelain components, but consideration should be given to the provi¬ 
sion of strippable paper or other means of protecting the surface from the 
rigors of erection. 

POTENTIALITIES AND LIMITATIONS 

The major use of porcelain-enameled products in curtain walls is for ex¬ 
terior facings (Fig. 6.10, 6.11, and 6.12). They are also used for interior 
facings and sun-shield devices and have had some favor for framing mem¬ 
bers and other components. At least one manufacturer is offering enameled 
window frame sections. 

The advantages of porcelain enamel are the following: 

1. Strength-In flat sheets, equivalent to or greater than that of the base 

2. Durability—Resistant to wear, deterioration, and fading 

1 Copies may be obtained from the Porcelain Enamel Institute, Washington, D.C. 
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Fig. 6.10 Porcelain enamel curtain wall 
(Hotel Statler, Hartford, Conn.) 


3. Color—Almost unlimited range 

4. Ease of cleaning-One of the most easily cleaned materials available; 
maintenance cost low if surface not broken 

5. Acid resistance—Excellent 

6. Weathering resistance-Good for long periods 

7. Variety—Available in many finishes and textures 

8. Abrasion resistance—Excellent 

9. Thermal shock resistance-Good 

10. Reflectivity-As desired, from extreme matte to high gloss. 



Fig. 6.11 Porcelain enamel curtain wall, horizontal section 
(Ford General Office Building, Dearborn, Mich.) 
































Fig. 6.12 Porcelain enamel curtain wall (Miami Beach 
Federal Building, Miami Beach, Fla.) 


In addition, porcelain enamel on aluminum has the following advantages: 

1. Welding-May be welded on reverse side after enameling the face 

2. Weight—Light in weight 

3. Corrosion resistance—Broken or raw edges do not corrode to any great 
extent 

4. Fabrication-Such operations as drilling, punching, and sawing pos¬ 
sible after enameling. 

The limitations of porcelain enamel are the following: 

1. Rusting-Breaks in porcelain coating will allow rust to form on ferrous 
bases, eventually leading to failure at point of break if not protected (not 
true of porcelain on aluminum). 

2. Flatness—Waviness, roller marks, and imperfections tend to show 
through the enamel and may be magnified by firing. 

3. Fragility—Although enamel products have considerable stamina once 
erected, they are subject to breakage during shipping, handling, and erec¬ 
tion. Corners are particularly vulnerable. Once in the wall, breakage is 
ordinarily caused only by heavy impact or vandalism. 
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DESIGN CONSIDERATIONS 

The curtain wall designer considering using porcelain products should 
concern himself with the following major questions: 

1. What is the function of the component? 

2. What is the budget? 

3. What enamel properties are needed to meet the anticipated service 
conditions? 

4. What type of fabrication can be used? 

5. How will flatness be assured? 

6. What strength is required? (This will help determine the gage and con¬ 
formation to be used.) 

7. What clearances and tolerances are to be allowed? 

8. Can sharp comers be avoided? 

After determining the general requirements and arriving at a tentative 
design, the designer should consult with the enameler. The design should 
be kept open enough to allow for changes made necessary by processing 
methods. 

SPECIFICATIONS 

In specifying porcelain-enameled materials, the following should be 
called for: 

1. Type of base metal, including alloy and strength 

2. Class of finish (acid resistance) 

3. Colors 

4. Dimensions 

5. Thickness or gage 

6. Decorative processes (such as stippling, stenciling) 

7. Shapes 

8. Fastening 

9. Shop drawings 

10. Protection 

11. Guarantee-One year against all defects (many firms further guaran¬ 
tee the finish against deterioration for periods of 10 years or more). 

For suggested curtain wall specifications, see Chap. 9. Standard specifica¬ 
tions for porcelain enamel are listed in Appendix D. 
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ECONOMICS OF SELECTION 

When selecting porcelain-enameled products, the curtain wall designer 
should consider the following points: 

1. Flat sheet products are usually the least expensive. 

2. Lack of uniformity of shapes and sizes increases costs. 

3. Complexity in panel design and attachment methods increases costs. 

4. Use of more than one color increases costs. 

5. Stippled, mottled, or decorated panels increase costs. 

6. Some colors are more expensive than others because of inherent prop¬ 
erties. 

7. Although any color within reason is possible, some manufacturers 
offer standard colors that are generally cheaper. Deviation from the manu¬ 
facturers’ lists will increase costs. 

8. A large panel is cheaper than an equal area of smaller ones if the stock 
sizes of base materials and the size capabilities of processing equipment are 
not exceeded. 

9. Porcelain enamel costs more on aluminum than on ferrous base met¬ 
als. (The cost of the aluminum itself as well as of the necessary frits is higher, 
and extreme care is required in the firing.) 

10. Holding the sizes of components within the limits recommended in 
Table 6.5 will reduce costs. 


GLASS 


Glass in its usual forms is a plastic, noncrystalline high-viscosity liquid. 
Composed of a complex mixture of oxides of silicon and metals with alkaline 
earth oxides, glass is workable only at high temperatures. Most processes 
are continuous from raw materials to the finished product. For these reasons 
the manufacturer ordinarily acts also as the fabricator. This procedure 
makes more coordinated control of the products possible than with most 
other materials, but it may serve to stultify creativeness and imagination in 
the development and use of glass products. Formerly handmade, glass prod¬ 
ucts (with a few exceptions) are now almost universally machine-produced. 
They enjoy a widespread vogue in contemporary walls (Fig. 6.13). 
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Fig. 6.13 Glass curtain wall (Hardware Mutuals Insurance Co. Building, Minneapolis, Minn.) 


CLASSIFICATIONS 


Glass products are classified in two major ways, by their chemical com¬ 
position and by the form in which they are available commercially. 

Chemical composition. The most important glass compositions are as 
follows: 


1. Fused silica glass—Sometimes called fused quartz, this is glass made 
of oxide of silica fused into clear glass without other oxides. Because of its 
resistance to chemicals and extreme temperatures, it is desirable for labora¬ 
tory ware and related uses. A modification of fused silica glass, called 96 
per cent silica glass, is produced by the addition of another oxide, usually 
boric acid. This glass is similar to fused quartz but has a lower melting point 
and greater workability. It is also less expensive. 

2. Borosilicate glass—Similar to 96 per cent silica glass, but with the added 
oxides increased to about 20 per cent. It is quite resistant to thermal shock 
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but also has good workability. It is used for gage glasses, cooking utensils, 
and the like. 

3. Lead glass—Sodium-oxide/silicon-oxide glasses with up to 92 per cent 
lead oxide added. The types with the larger amounts of lead are used for 
X-ray protection. Other formulations are used for fluorescent light bulbs, 
television tubes, and similar products. They are soft and easily scratched. 

4. Lime glass-Essentially soda-silica formulations, lime glasses account 
for some 90 per cent of the total glass production. The lowest in cost of all 
glass compositions, lime glasses are used almost exclusively for sheet and 
plate glass and for molded glass. Their properties are readily adjusted by 
changes in their formulation, for which combinations are almost limitless. 
A typical lime glass might have this composition: 72 per cent silica, 15 per 
cent sodium oxide, 9 per cent calcium oxide, 3 per cent magnesia, and 1 per 
cent alumina. Lime glasses are harder than lead glass but softer than such 
high silicon glasses as fused quartz. They generally have relatively high rates 
of thermal expansion and poorer electrical resistance than many other types. 
Although most lime glass production is in transparent formulations, opaque 
and translucent types may be chemically produced. Most colored glasses 
are lime glasses with metallic oxides dissolved or suspended in the material. 
Coloring has little effect on the properties. Almost all glass used in curtain 
walls is lime glass. 

5. Special formulations-Many special types of glass are produced for 
particular applications. Among these are soluble glass (sometimes used for 
an adhesive), photosensitive glass, electrically conductive glass, and glasses 
that transmit only certain wavelengths. Most of these have had no curtain 
wall use, but a few might be worth considering (for example, photosensitive 
glass for photomurals, or conductive glass as a curtain wall heat source). 

Commercial forms of glass. In the selection of glass for use in curtain 
walls, the classifications of the commercially available forms will be of more 
value than the chemical classifications. Only when the designer is consider¬ 
ing special types of glass for unusual applications will he have reason to 
consider the formulations of glass. For the most part, he will be using lime 
glasses in one or more commercial forms. The types of glass ordinarily used 
in cuitain walls (their characteristics are given in Table 6.6) are as follows: 

1. Sheet glass—The most widely used form of glass for curtain walls (and 
for most other purposes) is sheet glass. It is produced by extruding a thin 
strip of molten glass vertically downward from the melting tank ; allowing 
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it to cool as it descends; in the course of this descent, pieces of the required 
length are cut from the sheet. Some special types of sheet glass are cast. 

2. Window glass—Window glass is produced as described above and then 
fire-polished and annealed. It is produced to %-in. maximum thickness and 
in 76 x 120-in. standard sheets. 

3. Tempered sheet glass-Window glass that has been heat-treated for 
stress distribution is called tempered sheet. Sometimes referred to as crystal 
sheet, this glass has from 2 to 5 times as much tensile strength as ordinary 
window glass. Such operations as cutting and drilling must be performed 
before heat treatment. 

4. Plate glass—Plate glass is similar to window glass in all respects except 
that its surface is machine-ground. It is produced in the manner described 
for window glass and subsequently rolled; this gives it a knurled pattern. 
At this stage the glass is called rough-rolled and is available commercially 

TABLE 6.6 USE OF GLASS IN CURTAIN WALLS 


Many forms of glass not listed here (such as patterned) may be used for curtain wall purposes. 


Product 

Uses 

Characteristics 

Glass block 

Glazing, panels 

Strong form; colors, transparent. 

Glass fiber 

Insulation 

translucent; patterns 

Inexpensive; no structural strength 

Glass foam 

Insulation 

Somewhat expensive; has structural 

Glass sheet 

Darkened 

Glazing 

strength 

Very low light transmission; low heat 

Heat-absorbing 

Glazing, air-conditioned 

transmission 

Low heat transmission; moderately 

Multiple glazing 

buildings 

Glazing for low heat loss 

high light transmission 

Good insulating qualities; non-fog¬ 

Plate 

Glazing, large areas 

ging to some extent 

Polished sheet; annealed not recom¬ 

Plate, tempered 

Glazing, large areas. 

mended for curtain walls 

Polished sheet; same as above ex¬ 

Spandrel 

curtain walls 

Curtain wall spandrels 

cept tempered to high strength 
and hardness 

Tempered plate with fired-on vitre¬ 

Structural 

and panels 

Curtain wall sprandrels 

ous-enamel coating; many colors 
available 

Should be tempered for curtain wall 

Tempered sheet 

and panels 

Curtain wall glazing. 

use; limited color range 

Tempered window glass 

Window 

smaller buildings, 
moderately large areas 
Not recommended for 
curtain walls 

Least expensive sheet glass 
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in 3 /ic-in. to 1%-in. thicknesses. After rough-rolling, the glass is subjected to 
another rolling on special machines and a final polishing to a substantially 
flat surface. Tempered plate glass is produced by heat treatment of ordinary 
plate. It has 5 to 7 times the resistance to impact, 2 to 4 times the tensile 
strength, and as much as 3 times the resistance to thermal shock of regular 
plate. Because of its hardness (and for other reasons), cutting, drilling, or 
other fabrication must be done before heat-treating. 

5. Other sheet glass-Among the other types of sheet glass often used in 
curtain walls are vitreous-enameled glass, which has a fired-on coating of 
enamel; colored glass (transparent, translucent, or opaque); figured glass, 
produced by rolling a texture into the surface while soft; processed glass,' 
usually with acid-ground surfaces; chipped glass, made by a coating of 
hot glue or oil that chips off irregular small flakes as it dries; light-reducing 
or darkened glass for lowering light transmission; and heat-absorbing glass. 

Types that may have limited applications are document glass, for the re¬ 
duction of ultraviolet light; water white glass, which transmits up to 99 per 
cent of the light striking its surface; polarizing glass; electrically conductive 
glass (for heating or defrosting); and photosensitive glass. 

Among the sheet glasses that have had little or no use in curtain walls are 
lead glasses (X-ray protective), heat-resisting glass, and ultraviolet-conduc¬ 
tive glass. Some of these might be used for special applications. 

6. Formed glass—In addition to sheet products, glass is also produced by 
several other methods, including pressing, for household articles; blowing 
(machine and hand), for bottles and special shapes; and drawing, for the 
production of tubing, glass fibers, and similar materials. Few of these prod¬ 
ucts are used for components of curtain walls. A notable exception is glass 
fiber, which has probably been used for insulation in more curtain walls 
than any other insulating material. 

A few forms of glass other than sheet are sometimes used in curtain 
walls. Some of the most important of these structural forms are as follows: 

7. Glass blocks—Ordinarily produced by fusing together two halves of 
pressed glass, glass blocks are available in several sizes and many surface 
finishes and textures. One of the newest developments is a glass block with 
vitreous enamel fused on one side. A choice of highly permanent colors is 
thus added to the regular qualities of the product. 

8. Foamed glass—Cellular or foamed glass is produced by trapping gas 
within molten glass, forming closed cells. The product is stable, inflexible, 
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strong, and incombustible. It is often used for insulating cores in curtain 
wall panels. 

9. Cast ornamental panels—Designs may be cast into the surface of glass, 
and the backs of the panels finished by sandblasting, polishing, metallizing, 
or other methods. This type of custom product might find limited use in cur¬ 
tain walls for ornamental purposes. 

Of the several composite forms of glass that may be used in contemporary 
curtain walls, the most important is multiple glazing. Others of less im¬ 
portance, but applicable to special cases, are laminated glasses of various 
kinds. 

10. Multiple glazing—Multiple glazing is composed of two or more sheets 
of glass held apart by spacers of metal or other materials. The air is often 
partially evacuated from the space between the sheets, or dried in order to 
prevent condensation. Standard types are made with two or three sheets of 
34-in. or 34-in. plate separated by 34-in. to 34-in. air spaces. Multiple glazing 
is commonly used for its insulating properties. The amount of insulation 
afforded is proportional to the size of the air space but is also affected by 
the number of sheets of glass used, because part of the insulating quality of 
glass is due to the film of quiet air on the surface. The greater the number 
of surfaces, the greater the number of films—hence the better the insulation. 
Multiple glazing may be obtained with one or more sheets of darkened 
glass, heat-absorbent glass, or other types. 

11. Laminated glass—Laminated glass is most often used for purposes 
other than curtain walls, automobile window glazing being the most wide¬ 
spread application. Composed of a sandwich of two or more sheets of glass 
separated by a plastic (usually vinyl), laminated glass might be considered 
for use in such curtain wall installations as schools and hospitals, where its 
nonsplintering characteristics would be of value. Safety sheet, usually %2 in. 
to 34 in. in total thickness, is the most commonly used type. Also obtainable 
are safety plate heat-absorbent laminated, bullet-resisting laminated, and 
tinted laminated glass. 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

Lime glasses, the only chemical types encountered to any extent in curtain 
wall work, are fundamentally composed of silica, sodium oxide, and calcium 
oxide. By varying these ingredients and adding others (limestone, soda ash, 
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sodium sulfate, cullet, alumina-in fact, almost any material), the number 
of possible formulations becomes almost infinite. Those actually produced 
run into the hundreds of thousands. Each formulation has very definite 
characteristics and limitations, which must be considered when making a 
selection. In practice, the curtain wall designer need give little considera¬ 
tion to the chemistry of glass because the types he will use are few in num¬ 
ber. Some of the most important properties of sheet glass are given in 
Table 6.7. 5 


Density. The weight of lime glass is about 0.09 lb per cu in. Some 
types weigh slightly less, others considerably more. Lead glass is the heavi¬ 
est common type. 

Strength. Lime glass types used in curtain walls have compression 
strengths up to 10 times greater than their tensile strengths. Ordinarily, the 
compressive strength is about 20,000 psi and the tensile strength about 6,000 
psi. The tensile strengths are calculated from the breaking strengths of glass 
rods under bending stress. A rule of thumb used in working with glass is 
this: Assume the working stress to be 1,000 psi for ordinary sheet and 2,000 
to 4,000 psi for heat-strengthened sheet, with some variation due to the 
shape and character of the component. 

Young’s modulus (E) for glass is usually in the range of 9,000,000 psi but 
may be as low as 6,000,000 or as high as 13,000,000 psi for some types. ’the 


TABLE 6.7 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES 


Properties 

Density, lb per cu in. 

Hardness (Moh) 

Working strength, 1,000 psi 
Tensile ultimate strength, 1,000 psi 
Young's modulus of elasticity, 10° psi 
Modulus of rigidity, 1,000 psi 
Ultimate compression strength, 1,000 psi 
Impact strength (2-lb ball dropped critical 
height), in. 

Normal service temperature, deg F 
Thermal expansion coefficient (32°-212° F), 
in. per in. per deg FX 10- 6 
Thermal conductivity (32° to 212° F), 

Btu per hr per sq ft per deg F per in. 
Resistance to corrosion 1 


Ordinary 

Tempered 

1.04 

1.04 

5.5 

7.0 

1.0 

2.0-4.0 

6.0 

6.5 up 

9.0 

10.0 up 

4.0-6.0 

30.0 

20.0 

36.0 up 

8 

60 

230 

430 

4.5 

5.0 

3-9 

3-9 

A 

A 


1 A—superior. 
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Fig. 6.14 Wind loading on 14-in. plate glass 


modulus of rupture ranges from 4,000 to 30,000 psi. For the effects of wind 
loading on /4-in. plate, see Fig. 6.14. Glass is extremely elastic, has very low 
creep characteristics, is subject to fatigue, and loses strength when subjected 
to loading over long periods of time. It should be noted that glass fails in 
tension; for this reason and because glass shows no cold flow, it is notch- 
sensitive. Notches cause higher tensile stresses to be formed in their own 
vicinity, resulting in much easier breakage. 

TEMPERATURE CHARACTERISTICS 

Effects of high and low temperatures. Low temperatures in the range 
encountered in curtain wall installations will have little effect on glass, since 
the properties of glass seem to be greater at lower temperatures, within nor¬ 
mal ranges. Strength ordinarily decreases somewhat up to the 200° to 350° F 
range and then increases continuously to a moderately high temperature. 

Thermal conductivity. The very low conductivity compared to metals 
of ordinary sheet glass ranges from about 3 to 9 Btu per hr per sq ft per 
deg F per in. Other types have conductivities ranging from about half this 
figure to ones slightly higher. Figure 6.15 gives the effect of wind on the U 
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Fig. 6.15 U values of glass for various winds 

value of glass at various velocities, and Table 6.8 lists data on U values for 
different types of glass. 

Thermal expansion. Extremely variable for different types of glass, the 
thermal expansion of a typical lime-glass sheet product is about 4.5 X 10 -6 
in. per in. per deg F. This is a little less than for stainless steel types with the 
lowest coefficients and about one-third less than for al uminum 

Thermal use limits. The normal service temperature is about 230° F 
for annealed lime glass and around 430° F for tempered types. The maxi¬ 
mum temperature limits are about 840° F for annealed lime glass and 480° F 
for tempered types. However, tempered glass has about twice as much re¬ 
sistance to thermal shock as the annealed types. 


TABLE 6.8 INSULATING EFFICIENCY OF GLASS 


Type and thickness , in. 

Number and width of 
air spaces , in. 

U at 3 mph 

U at 15 mph 

Single sheet, 0.090 

None 

0.928 

1.185 

Single plate, % 

None 

0.914 

1.148 

Double glazing (plate, %) 

l- x / 8 

0.611 

0.726 

Double glazing (plate, %) 

i-y 4 

0.540 

0.646 

Double glazing (plate, %) 

i-y 2 

0.479 

0.580 

Triple glazing (plate, %) 

2-y 

0.396 

0.468 

Triple glazing (plate, %) 

2-y, 

0.341 

0.397 
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OTHER PROPERTIES 

The light transmission of glass varies from zero to almost 99 per cent; 
many types may be obtained within this range. To alter the various proper¬ 
ties of glass products, specific elements are usually added. Iron produces 
variation in infrared and ultraviolet transmission. Potassium increases 
weathering ability. Magnesium increases abrasion resistance. Boron in¬ 
creases heat resistance. 

DURABILITY 

Curtain wall glass is very durable and more resistant to atmospheric 
weathering and corrosion than any other available material. Only porcelain 
enamels can approach glass in this respect. Its life expectancy in curtain wall 
applications is indefinitely long. In the practical sense, it is limited only by 
the possibility of breakage. Glass is not affected by galvanic corrosion and 
resists corrosion by any of the common acids or other chemicals, except for 
hydrofluoric acid. Special compositions may be obtained that effectively 
resist even this acid. 

APPEARANCE 

Glass products may be obtained in a range from fully opaque to almost 
100 per cent transparent. They may be clear or colored. Many textures and 
surface finishes are available (Fig. 6.16). A more complete discussion of 
them will be found in the section on “Finishing.” 


SIZES 

Various sizes of curtain wall glass products may be obtained. Table 6.9 
contains data on the average, recommended maximum, and available maxi¬ 
mum sizes of the products. 

FABRICATION 

While glass is fluid, it can be stirred, ladled, poured, extruded, or cast. 
When it is viscous, it may be blown, rolled, pressed or drawn into tubing, 
rod, or similar shapes. After it has cooled, it may be annealed or heat 
strengthened (tempered). Before tempering, it can be fabricated by a few 










Fig. 6.16 Appearance of glass in curtain walls 

a. Lever House, New York, N.Y. 

b. Keokuk High School, Keokuk, Iowa 

c. Phullis Wheatley School, New Orleans, La. 

d. Colorado AirM Dormitory, Fort Collins, Colo. 


simple methods such as drilling, cutting or heat sealing, a process similar 
to fusion welding of metals. After tempering, it cannot be fabricated at all. 

Sheet glass extrusion. The production of sheet glass was discussed 
under “Commercial forms of glass” earlier in this section. 
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Drawing. Drawing is used for the fabrication of tubing, glass fiber, 
lod, and similar products. A typical process for making tubing consists of 
directing molten glass against a revolving mandrel, the consolidated glass 
coating sliding from the end of the mandrel to be drawn down to the re¬ 
quired size, while a stream of air keeps the tube from collapsing. 

Rolling. Hot glass may be rolled between textured rolls to produce 
figured glass. The largest use of rolling is in the production of rough-rolled 
glass as a preliminary operation in making plate glass. 

Pressing. Pressing is used in the production of glass block and similar 
products that cannot be made by other methods because of their conforma¬ 
tion. It consists of pouring glass into a mold and operating a plunger into 

the ITlclSS. 

Miscellaneous processes. Other basic glass processes include several 
types of blowing and multiforming (a process similar to powder metallurgy). 
Neither process has been used for curtain wall components. 

Cutting. The usual production method for cutting glass is with an 
abrasive wheel or charged lap. It may also be cut by scribing it with dia- 

TABLE 6.9 SIZES OF GLASS PRODUCTS FOR CURTAIN WALLS 


Product 


Recommended sizes , 
in. 


Maximum sizes 
available , 
in. 


Average limit 


Maximum limit 


Remarks 


W 


L 


W 


W 


Block 

Darkened 

Double 

glazing 

Heat-ab¬ 

sorbing 


7 % X 7% X 3% 


to 30 sq ft 
to 50 sq ft 
to 70 sq ft 


to 50 sq ft 
over 50 sq ft 


3 /l6 

% 

V* 


% 

% 


70 X 126 X 3 /io 

75 X 128 X % 

98 X 130 X Vi 


123 X 216 X Vi 
72 X 160 X % 


Abo 5% X 5% X 3 %, 
11% X 11% X 3% 


Maximum recom¬ 
mended, 50 sq ft, one 
layer heat-absorbing 
%-in. not recommended 
because of thermal 


Plate 

Spandrel 

to 50 sq ft 
to 110 sq ft 
over 110 sq ft 

5 sq ft 

% 

% 

H 

%8 48 X 84 

1/ 

150 X 
120 X 

100 x 

60 X 

260 X % 
200 X % 
200 X V> 

88 

stresses 

Check specific wind 
load requirements 

Recommended maxi¬ 



A 

6 /l6 

11 / 32 10 sq ft 



mum length-to-width 

Structural 

6 sq ft 

n / 8 2 74 X 

N? 

X 

O 

CO 

ratio, 5:1 

6 sq ft maximum for in- 


stallation above first 
floor 
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Fig. 6.17 Glazing rabbets 


I 10 per cent 



J 100 per cent 
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THIOKOL SEALANT 

Fig. 6.18 Thiokol compared with caulking: 
Elasticity after 10 years exposure 


mond or hard-metal scribers and breaking along the scratch. For curtain 
wall uses, the clean-cut edge is recommended; it is the only practical edge 
for some types. 

Drilling. Drilling of glass products must be performed before temper- 
ing. It is accomplished with carbide tipped tools, using kerosene as a lubri- 
cant. 

HEAT TREATMENT 

Annealing. The major purpose of annealing glass is to relieve the 
stresses set up when the material is heated and then unevenly cooled, or 
when it is hot-formed. Annealing is accomplished by raising the temperature 
of the products (to about 950° F for lime glass), then slowly cooling them 
under controlled conditions. Because of their reduced physical properties, 
annealed glass products are not recommended for use in curtain walls. 

Tempering. Tempering or heat-strengthening of glass is accomplished 
by raising its temperature to about 1,150° F and quenching with a blast of 



1 ,NCH 1 INCH (COMBINATION SHIM 

AND SETTING BLOCK) 

Fig. 6.19 Spacer shims for multiple glazing 


Spacer shims of vinyl neoprene , or similar material should be used to main- 
tain correct position of glass in frame after glazing. Shims to be placed on 
approximately 24- to 48-in. centers but not less than two per side of the 
glass. Recommended lengths: 1 to 3 in. for Y 2 -in. glass; 2 to 4 in. for •%- and 
1-in. glass. Minimum thickness: Y$ in. 
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cool air or by other methods. Tempering improves the properties of the 
glass, raising its tensile strength from 2 to 4 times and greatly increasing the 
resistance of the product to breakage by bending under steadily applied 
loads or impact. Tempered glass is also harder and more resistant to abra¬ 
sion; it is recommended for curtain wall use. 

FASTENERS 

Two methods are in general use for the fastening of glass to itself or to 
other materials: heat-sealing and mechanical devices. 

Heat-sealing. In heat-sealing, which is similar to fusion-welding of 
metals, the surfaces that are to be joined are held together and heated to 
their melting point. If the parts to be joined have widely different coeffi¬ 
cients of expansion, it is recommended that a part with an intermediate 
coefficient be placed between them. 

Mechanical joints. In designing mechanical joints for glass compo¬ 
nents, the following points should be taken into consideration: 

1. Any forces placed on the glass should be compressive. (The strength 
in compression is much higher than the strength in tension.) 

2. The glazing rabbets (Fig. 6.17) should provide the clearance necessary 
for expansion and other forces. Recommended depth of rabbets is 134 times 
the thickness of the glass plus 34 in. for clearance. No more than % in. of 
glass surface should fit into the rabbets. Lateral dimensions of rabbets should 
be equal to the thickness of the glass plus 34 in., providing a 34-in. clearance 
on each face of the glass. 

3. Glazing compounds, if used, should adhere well to the surface of the 
glass and retain a large amount of resiliency over long periods of time (Fig. 
6.18). If gaskets are used, they should have similar properties. 

4. Any stresses placed on the glass should be evenly distributed. 

5. When glazing compounds are used, semiresilient shims or spacers 
should be placed in the frame to insure that the glass is accurately and se¬ 
curely positioned (Fig. 6.19). 

Miscellaneous methods. Glass is sometimes joined by the pouring of 
molten metal (such as lead or solder) around the edge, making a reliable 
mechanical seal. The strength of the seal is dependent on friction. The 
sealed-edge glass sheet may be fastened to metal parts by soldering or other 
means. Glass may also be metallized and the resulting surface soldered or 
otherwise joined to metal components. 
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Pig. 6.20 Glass curtain wall, sections (Heinz Vinegar Building, Pittsburgh, Pa.) 


FINISHING 


The curtain wall designer using glass may choose from a myriad of avail- 

able textures and colors in clear, translucent, and opaque forms. Various 
combinations may be obtained. 

Mechanical textures. A large number of mechanical finishes are avail¬ 
able in glass. Most are rolled into the surface while the glass is hot. Sheet 
and plate glass can be had with patterns on both sides, or with a pattern on 
one side and the reverse side polished, sandblasted, or etched. Fluted pat¬ 
terns are quite common. Pressed patterns include ribbed, irregular, and 
pyramidal and other geometrical shapes. A somewhat limited range of colors 
is available in some of these patterns. Chipped glass, previously described, 
has an irregular chipped surface. Processed glass has a soft translucent sur¬ 
face produced by grinding with acid. 

Color. Three main types of colored glass ordinarily available are 
tinted clear or translucent glass, colored opaque glass (structural glass), and 
vitreous enameled glass, often called spandrel glass. Tinted glass may be 
obtained in a limited number of light colors. Each of the manufacturers of 
structural glass produces about a dozen standard colors in polished and 
rolled finishes. Spandrel glass is colored with a coating of vitreous enamel, 
a method that is also used for coloring glass block. At the present time each 
of the manufacturers making these products offers up to 16 standard colors. 
Other colors may be obtained on special order. 

Metallizing. The metallizing of glass is accomplished by spraying va¬ 
porized metal on the surface, depositing the coating chemically, or firing the 
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film onto the glass. It is used for the creation of a surface that can be joined 
to metals as well as for its appearance (as in mirrors). One manufacturer 
uses metallizing as a base for the vitreous enameling of spandrel glass, coat¬ 
ing the surface with metal and then firing on the enamel. 


USE OF GLASS IN CURTAIN WALLS 



For many centuries glass has been used for glazing openings in buildings, 
thus taking advantage of its transparency, the most obvious and important 
pioperty it possesses. Glass has additional important characteristics that 
make it a valuable material for other uses in curtain wall applications. It is 
haid, dense, and resistant to abrasion. Since it is almost perfectly elastic, it 
takes little or no permanent set up to the point of failure. It is highly im¬ 
pervious to corrosion by chemicals and weather. In curtain walls, its tradi¬ 
tional use as glazing remains (Fig. 6.20), but glass has also come to be an 
important material for such uses as spandrels and insulation. A glass block 
wall is shown in Fig. 6.21. 


6.21 Glass block curtain wall (Corning Glass Works, Corning, N.Y.) 


mm m 
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POTENTIALITIES AND LIMITATIONS 

The advantages of glass for curtain walls are the following: 

1. Transparency (may also be translucent or opaque) 

2. Corrosion resistance 

3. Elasticity (almost perfect to breaking point) 

4. Strength (high under constant pressure) 

5. Variety of textures and colors 

6. Heat conductivity (fairly low) 

7. Incombustibility 

8. Hardness (resistant to abrasion). 

The limitations of glass for curtain walls are the following: 

1. Frangibility—Breaks fairly easily under impact 

2. Cost-Some types expensive (spandrel and structural glass, multiple 
glazing, heat-absorbing glass) 

3. Thermal expansion-Fairly high; more critical than for metals because 
of breakage in tension 

4. Protection of edges—Sheets considerably weakened by chipped or 
nicked edges and more easily broken under stress of thermal changes and 
other applied forces 

5. Notch sensitivity—Glass is easily broken at (or in the vicinity of) holes 
or notches. 

DESIGN CONSIDERATIONS 

In addition to the points listed thus far, the curtain wall designer should 
consider the following: 

1. What is the function of the glass? 

2. What is the budget? 

3. What form of glass is most suitable? 

4. What fabrication is involved? Drilling, cutting, and similar operations 
should be done at the factory. 

5. What clearances are necessary? How will they be achieved and main¬ 
tained? 

6. Only heat-strengthened glass should be used for spandrels because of 
the thermal and other stresses. 
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7. Heat-absorbing glass should not be used for spandrels because of in¬ 
creased thermal expansion problems. 

8. Backings other than fused-on types should not be used on glass for 
curtain walls (other types create problems because of dissimilar expansion). 

9. Panel framing members should provide weep and vent holes to mini¬ 
mize trapped heat. 

10. Framing members should be designed for minimum deflection to 
avoid the placing of unnecessary stresses on the glass. 

11. Annealed glass should not be used for spandrels. 

12. Adequate expansion clearances must be allowed. 

13. The designer should take advantage of the manufacturer’s data. 

SPECIFICATIONS 

In specifying glass materials for curtain wall uses, the following should be 
called for: 

1. Type of glass material 

2. Tempering 

3. Finish 

4. Dimensions 

5. Colors 

6. Sealants or glazing compound and shims (or gaskets) 

7. Protection. 

For a suggested complete curtain wall specification, see Chap. 9. Standard 
specifications for glass are listed in Appendix D. 

ECONOMICS OF SELECTION 

For economy in the use of glass, the designer should remember the fol¬ 
lowing points: 

1. The cost of glass ranges from very low (for window glass, one of the 
least expensive of all building materials) to very high (for spandrel glass, one 
of the most costly materials used in curtain walls). 

2. Designs should take into consideration the inherent properties of glass; 
these are quite different from the properties of metals. 

3. Economies can be achieved by adhering to the recommended sizes of 
products given in Table 6.9. 










TABLE 6.9 SIZES OF GLASS PRODUCTS FOR CURTAIN WALLS 


Product 


Recommended sizes, 
in. 


Average limit Maximum limit 


Maximum sizes 
available, 
in. 


Remarks 


Block 

Darkened 

Double 

glazing 

Heat-ab¬ 

sorbing 

Plate 

Spandrel 

Structural 


W L T 


7% X 7% X 3% 

to 30 sq ft % 6 

to 50 sq ft y 4 

to 70 sq ft y 4 


to 50 sq ft y 4 

over 50 sq ft % 

to 50 sq ft y 4 

to 110 sq ft % 

over 110 sq ft % 

5 sq ft 

% 

%6 

6sqft U/ 32 


W L T 


48 X 84 
10 sq ft n/ 32 


W L T 


70 X 126 X 3 /ie 

75 X 128 X % 
98 X 130 X % 


123 X 216 X % 

72 x i6o x % 

150 X 260 X % 
120 X 200 X % 
ioo x 200 x y 2 
60 X 88 


74 X 130 X 1% 


Also 5% X 53/ 4 X 3%, 

11% X H% X 3% 

Maximum recom¬ 
mended, 50 sq ft, one 
layer heat-absorbing 

%-in. not recommended 
because of thermal 
stresses 

Check specific wind 
load requirements 

Recommended maxi¬ 
mum length-to-width 
ratio, 5:1 

6 sq ft maximum for in¬ 
stallation above first 
floor 


PLASTICS 

Plastics are largely made from common elements such as oxygen, nitrogen, 
hydrogen, chlorine, and carbon, all of which are readily obtainable and vir¬ 
tually inexhaustible. More than 30 distinct families of plastics are in exist¬ 
ence today, and still more are under development. There are a vast number 
of subdivisions of each family, each formulated in a distinct manner and 
having specific characteristics of its own. Although plastics have been in 
existence for a long time, their widespread use has come mostly in the last 
50 years. The plastics have played secondary roles in curtain wall develop¬ 
ments as adhesives, sealers, and the like for some time, but only in the last 
few years have they been used for such major components as panel facings 
(Fig. 6.22). * 5 


CLASSIFICATIONS 

Plastics are organic solids. Their basic materials, called monomers, are 
chemical compounds that may be made to combine into more complex 
chemical units, usually through the application of catalysts, heat, and pres- 
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sure. This process is called polymerization and results in the joining together 
of molecules into groups of molecules. 

Classification of plastics is very complex because of the vast number of 
formulations. A system set up by the Society of the Plastics Industry for 
the classification of plastics by their physical properties is somewhat un¬ 
wieldy and has not been widely used. In practice, the common classifications 
are based on thermal characteristics-whether the plastics are thermoplastic 
or thermosetting types—and, within these classes, on the resin or resins used 
for particular formulations. 

Thermoplastic products possess some thermal properties similar to metals; 
they may be resoftened by heat and reshaped. They do not melt as do 
metals, but soften and flow like heated glass. The temperatures for softening 
thermoplastics vary but are usually in the 120°-212° F range. Employed 
mostly for consumer products to be used at room temperatures, the thermo¬ 
plastics offer a wide range of color. 


Fig. 6.22 Plastic curtain wall (Daniel P. Hurld School, Woburn, Mass.) 

























242 


Thermosetting products become hard and rigid when formed under heat 
and pressure and cannot be resoftened and reshaped. Thermosetting plastics 
can ordinarily stand more heat than thermoplastic types but will char and 
eventually be destroyed by continued heating. They are usually stronger, 
harder, and less expensive than thermoplastics. 


COMBINATIONS 

When several different chemical compounds are joined in one material, 
the resulting product is called a copolymer. Many combinations are in use,’ 
each possesses some of the original properties of the various constituents! 
Certain formulations may be reinforced with glass or other types of fibers, 
combining the strength of the fiber with desirable plastic qualities. Plastics 
are sometimes combined with inert materials (fillers), usually to reduce costs. 

PLASTICS IN CONTEMPORARY CURTAIN WALLS 

As time passes, more plastics are being put to use in curtain walls. The 
types most frequently used are listed, with some of their important charac¬ 
teristics, in Table 6.10. Plastics have enjoyed secondary uses in curtain walls 
for some years. Discussion of their applications for composite panels and 
adhesives will be found in Chap. 8, for gaskets and sealers in Chap. 3 and 9, 
and for insulation and cores in Chap. 3 and 8. Plastic-based paints are dis! 
cussed under “Organic coatings” in Chap. 8, and plastic-clad metal under 
Miscellaneous metals in Chap. 5. Waterproofing and vapor barrier func¬ 
tions are covered in Chap. 3 and 9. 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

Although their properties vary widely, all the plastics in use today have 
in common their derivation from everyday materials, their organic nature, 
and their ability to be formed with heat, pressure, catalysts, or combinations 
of these processes. In varying degrees, all may be damaged by elevated 
temperatures. They are generally light in weight, are good electrical in¬ 
sulators, and have fairly low conductivities (plus, in foamed products, good 
insulating qualities). Other properties, such as strength, hardness, resistance 
to atmospheric and chemical corrosion, and resistance to moisture penetra¬ 
tion are subject to much more variation (Table 6.11). 

In addition, several general qualities of plastics should be kept in mind. 
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TABLE 6.10 CHARACTERISTICS AND USES OF PLASTICS 
FOR BUILDING CONSTRUCTION 



A Thermoplastics 


Family 

Characteristics 

Uses 

Cellulosics 

Low cost, tough, easy to fabricate, 
low heat resistance, low moisture re¬ 
sistance 

Light fixtures 

Acrylics 

Resistance to weathering, good di- 

Glazing 


mensional stability, low water 

Skylights 


absorption, odorless, tasteless, non- 

Sun control 


toxic, resistance to shattering, fairly 

Room dividers 

Vinyls 

easily scratched (wax polishing 
helps reduce visibility of scratches), 
toughness, transparency and good 
optical qualities (acrylics also pipe 
light) 

Plumbing fixtures 

Tough, good abrasion resistance. 

Wall coatings 


low water absorption, stability under 

Waterproofing 


heat and light, strong, good adhe- 

Floor tile 


sive qualities, darken in sun (vinyls 

Piping 


also pipe light) 

Insect screens 

Polystyrenes 

Low cost, high clarity, low water ab¬ 

Foams 


sorption, unlimited color range. 

Wall coverings 

Nylons 

high stress causes crazing, good op¬ 
tical qualities, light weight, easily 
scratched, low impact strength 

Panel cores 

Strong, tough, wear resistant, ex¬ 

Hardware 

(polyamides) 

pensive, abrasion resistant, easy to 
mold 

Bearings 

Polyethylenes 

Lightest of commercial plastics, good 

Vapor barriers 


mechanical qualities, good electri¬ 

Foams 


cal qualities, low water absorption, 
flexible and tough in thin sections, 
one of most inert plastics, resistant to 
most acids and alkalies, poor ad¬ 
hesion 

Piping 

Halocarbons 

Tough, corrosion resistant, expen¬ 

Piping 

(fluorocarbons) 

sive, poor adhesion 


B Thermosetting Plastics 


Family 

Characteristics 

Uses 

Phenolics 

Good acid resistance (except to such 

Coatings for honeycomb 


strong oxidizing acids as nitric), fair 

Foams 


alkali resistance, good electrical 

Adhesives 


properties, good bonding strength 
(plywood), ordinarily confined to 
darker colors except for some cast¬ 
ing resins, good compatibility with 
other materials, hard and rigid 

Electrical hardware 




















TABLE 6.10 CHARACTERISTICS AND USES OF PLASTICS 
FOR BUILDING CONSTRUCTION-conf/noed 



B Thermosetting Plastics 


Family 

Characteristics 

Uses 

Aminos 

Wide color range, scratch resistance, 

electrical resistance, low impact 
strength, require careful molding, 
affected by sun 

Foams 

Coatings 

Adhesives 

Countertops 

Alkyds 

Fast curing, dimensionally stable, 
good heat and electrical insulation, 
low impact strength 

Paints 

Electrical devices 

Polyesters 

Good resistance to chemical attack, 
good strength and toughness, ability 
to cure at low temperatures or pres¬ 
sures, low water absorption, good 
optical qualities in some formula¬ 
tions, good weather resistance 

Panels 

Sun control 

Structural members 

Glazing 

Wall plumbing fixtures 
Coatings 

Window frames 

Silicones 

Good adhesion, good weathering, 
high heat resistance, colors not 
available, poor for molding, ex¬ 
pensive 

Waterproofing 

Electrical insulators 

Epoxies 

Good adhesion, good resistance to 
heat and chemicals, expensive 

Adhesives 

Laminates 

Isocyanates 

Good heat insulation, good elec¬ 
trical insulation, poor water resist¬ 
ance, expensive 

Adhesives 

Waterproofing 

Insulation 


All plastics are destroyed if subjected continuously to fire. Some support 
combustion; others merely char or are self-extinguishing if the fire source is 
removed. Tensile strengths range from very low values for certain thermo¬ 
plastics, through the general-purpose phenolics with strengths of 6,000 to 
8,000 psi, up to very high values for various polyesters laminated with glass 
fibers. These plastics have tensile strengths much greater than those of alu¬ 
minum alloys and equal to those of the strongest copper alloys and of some 
ferrous products. 

Sustained loads on plastics result in a certain amount of creep, the amount 
increasing fairly rapidly as the temperature increases. Thermosetting types 
generally have less creep than thermoplastic types, but all designs should 
allow for this property. Creep, sometimes called cold flow, also increases 
with the amount of the load, its duration, and the rapidity of application. 
Reinforcing with fibers reduces creep. 

In metals, the direction of rolling and other variables often cause uneven 
stressing in different directions. Stresses in plastics, unless the plastics are 
leinforced, are distributed evenly in all directions. An interesting possibility 










TABLE 6.11 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES OF PLASTICS 
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In. per in. per deg F X 10 8 
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Fig. 6.23 Thermal expansion of plastics 
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Fig. 6.24 Maximum temperature limits of plastics 
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with plastics lies in varying the density of the material. The designer can 
place high-density material at a great distance from the neutral axis of a 

member for increased section modulus, leaving the material near the neutral 
axis less dense. 

Nonplastic materials give warning of forthcoming failure by cracks and 
similar flaws before actually failing. Plastic materials, including glass, may 
fail suddenly with no warning. Thermoplastics may be remelted and re¬ 
formed, but it should be noted that they deteriorate somewhat with each 
processing. 


THERMAL PROPERTIES 

Thermal expansion. In general, the plastics expand much more than 
metals or other materials. The range extends from a low of about 5 X 10~ 6 
m. per in. per deg F (similar to the coefficient for glass) for some silicones 
to 115 X 10-° in. per in. per deg F for some styrene formulations. Typical 
ranges are shown in Fig. 6.23. 

Thermal limits. Moderately elevated temperatures soften thermo¬ 
plastics; their maximum use limit ranges from about 120° to 212° F, with a 
few fluorinated types and others usable to about 500° F (Fig. 6.24). Ther¬ 
mosetting plastics have useful temperature ranges up to more than 600° F 
for some silicones, the other formulations being capable of withstanding 
somewhat less heat. ° 

Thermal conductivity. Plastics have very low conductivities compared 
to metals, ranging from about 0.25 Btu per in. per sq ft per deg F per hr to a 
high of 7.5, which is just about the range covered by wood and concrete 
together. Typical ranges are given in Fig. 6.25. 

PROPERTIES OF REINFORCED PLASTICS 

Many plastics may be reinforced with a variety of fibrous materials. In 
this way, a new product is produced with some of the properties of both ma¬ 
terials. Although textiles, paper, and other products may be used for rein¬ 
forcing, the usual material for architectural reinforced plastics is glass fiber. 
The plastic in such applications is ordinarily polyester. Within limits, the 
strength of the laminates made from these materials varies (Fig. 6.26) with 
the amount of glass fiber used. (Woven reinforcing is favored for the higher 
strength laminates, mat types for those of lesser strength. The woven rein¬ 
forcing is considerably higher in cost.) 
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Fig. 6.25 Thermal conductivity of plastics 
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Fig. 6.26 Properties of reinforced plastics 
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Conosion resistance of these laminates is quite good. Thermal expansion 
is lowered radically by the addition of the glass fibers. Tensile strengths up 
to 100,000 psi can easily be produced in certain formulations, and higher 
strengths are possible. Table 6.12 lists properties of glass-fiber-reinforced 
polyester laminates, and Table 6.13 gives the U.S. Air Force property re¬ 
quirements for a typical product in use by that service. 

LIGHT TRANSMISSION CHARACTERISTICS 

Until plastics became available, glass products were the only materials 
that possessed the transparency and other optical properties considered 
necessary for glazing in buildings. Several plastic products now available 
have light transmission and optical qualities as good or nearly as good as 
those of glass. Some of these materials have very low translucency, and 
others transmit almost 100 per cent of the light falling on them (Table 6.14). 

The light-transmitting plastics are easily scratched, since they are much 
less resistant to abrasion than is glass. Some types tend to turn dark or 
cloudy when used for exterior purposes, and with all types allowances must 
be made for high rates of expansion. On the plus side, the plastics are readily 
moldable and highly resistant to breakage and shattering. 

DURABILITY 

The durability of plastics used in curtain walls depends mainly on their 
resistance to moisture, sunlight, abrasion, temperature changes within nor- 

TABLE 6.12 PROPERTIES OF POLYESTER PLASTIC SHEET, 

REINFORCED WITH GLASS FIBER 

The table can give only a limited idea of the range of properties obtainable in these products. Innumerable 

other types are available. 


Fed. Spec. 
No. LL-31 
(replacing 
HH-P256) 

Minimum flexural 
strength for%-in. 
thickness, 

1,000 psi 

Minimum Izod im¬ 
pact strength for 
%2-in. to 2-in. 
thickness, ft-lb 
per 1-in. notch 

Maximum 
water absorp¬ 
tion for 
Via-in. 
thickness, 
per cent 

Tensile 
strength, 
1,000 psi 

Compressive 
strength, 
1,000 psi 

Rockwell 

M 

hardness 

L 

W 

L 

W 

L 

W 

L 

W 

G-l 

22 

18 

5.0 

4.0 

2.70 

12.5 

9.5 

50 


110 

G-2 

20 

16 

4.5 

3.5 

1.50 

16 

11 

38 

15 

105 

G-3 

20 

18 

6.5 

5.5 

2.70 

23 

20 

50 

17.5 

100 

G—5 

44 

38 

6.0 1 

5.0 1 

2.70 

37 

30 

70 

25 

120 

G—6 

18 

16 

6.0 

5.0 

0.55 



40 

9 

95 

G-7 

20 

18 

6.5 

5.5 

0.55 

23 

18.5 

45 

14 

100 


1 For sheets under *4 in. thick. For sheets % in. to but not including */> in., 7.0 and 5.5; for sheets V> in to 
but not including 2 in., 9.0 and 6.0. 
















TABLE 6.13 

PHYSICAL PROPERTY REQUIREMENTS, STRUCTURAL 
REINFORCED POLYESTER 1 

GLASS- 

Fed. Spec. 

No. L-P-406, 
Method No. 

Property and test conditions 

Require - 
ments 

1031 2 

1031 

1031 

1031 

1011 

Ultimate strength, flexural, flatwise, psi 

Yield strength, flexural, 0.2 per cent offset, psi 

Tangent proportional limit, flexural, psi 

Modulus of elasticity, flexural, initial, psi 

Ultimate strength, tensile, psi 

45,000 

40,000 

25,000 

2.5 X 10 6 
35,000 

1011 

1011 

1021 

1021 

1021 

Yield strength, tensile, 0.2 per cent offset, psi 

Modulus of elasticity, tensile, initial, psi 

Ultimate strength, compressive, edgewise, psi 

Yield strength, compressive, edgewise, 0.2 per cent off¬ 
set, psi 

Modulus of elasticity, compressive, edgewise, initial, psi 

25,000 

2.5 X 10 e 
25,000 

24,000 

2.5 X 10 6 

1071 

2021 

7031 

7031 

1081 

Impact strength, edgewise, notched Izod, ft-lb per 1-in. 
notch 

Flammability, in. per minute (max) 

Water absorption, max 24-hr immersion, per cent 

Thickness increase, max 24-hr immersion, per cent 

Rockwell M hardness 

7 

1 

1.0 

0.5 

95 

1031 

Properties at 160° F: 

Ultimate strength, flexural, flatwise, psi 

Modulus of elasticity, flexural, psi 

23,000 

1.9 X 10 6 

1 U.S. Air Force Specification 12049. 

2 Plus 10 per cent styrene monomer. 


mal limits, and the loads applied to them. All types are relatively moisture- 
resistant; none are subject to rot or mildewing. The other properties vary 
considerably, depending on the plastic’s formulation. Comparative qualities 
of the families of plastics may be found in Table 6.11, values for reinforced 
plastics in Table 6.12, and light transmission properties for glazing types in 
Table 6.14. 

TABLE 6.14 

LIGHT TRANSMITTANCE OF PLASTICS 



Colors available for all products listed. 


Product 

Luminous transmittance. Effects of light on 

clear types, per cent materials 

*"y ,ics 91-92 Very little 

Polyesters, 

reinforced with glass fiber to 85 Very little 

Polystyrenes to about 88 Darkened to some extent 

m 7 s to about 75 Darkened in time 
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APPEARANCE 

It is hard to imagine any suitable appearance for curtain walls not pro¬ 
vided by plastics. It is not at all hard on the other hand, to imagine any 
number that are highly unsuitable. One need only recall the early ersatz 
wood grain patterns. Lamentably, products are on the market even today 
that perpetuate the mistakes of the early plastics manufacturers. Such prod¬ 
ucts utilize the extreme flexibility of plastic formulations to imitate other 
materials. But happily, most producers and fabricators now accept plastics 
for what they are and exploit their inherent capacity for warm, colorful, and 
attractive forms and surfaces. 

Colors in plastics are almost unlimited, although certain limitations do 
exist for given formulations. Ranging from almost perfect transparency to 

full opacity, the various types may also be obtained in a wide ranee of tex¬ 
tures (Fig. 6.27). 


SIZES OF PLASTIC PRODUCTS 

Theoretically, plastics may be molded in any size for which molds exist. 
Practically, the sizes are limited to those which can be produced econom¬ 
ically. The range of stock sizes of plastic-faced panels available for use in 
curtain walls may be found in Table 6.15. 


Fig. 6.27 Interior view of Daniel P. Hurlrl 







































TABLE 6.15 PROPERTIES OF COMMERCIALLY AVAILABLE PLASTIC CURTAIN WALL PANELS 
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1 May be obtained filled with foamed plastic; U values are as follows: 1 in.-0.23; 1 y 2 in.-0.19; 2 in.-0.13; 2*/> in.-0.09- 3 in -0 04 
1 Limited by deflection equal to %qo of the span. 

3 Figures are for 2-lb density foamed polystyrene; 3-lb and 4%-lb also available. Faces 0.018 in. thick also obtainable. 

4 Core also available of exterior fir plywood with or without foamed polystyrene. 
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FABRICATION 

Molding. One of the most widely used methods for the production of 
plastics, molding may be accomplished satisfactorily with many formula¬ 
tions. Molding materials should flow readily when heated and should pro¬ 
duce parts with the desired strength and stiffness. The cross sections of 
molded products should be kept uniform and as thin as possible (Fig. 6.28). 



POOR DESIGN GOOD DESIGN 

Fig. 6.28 Molding design 


Irregular thicknesses make tolerances hard to hold because of shrinkage in 
the mold, cause uneven flow of the material in the mold cavity, and may 
weaken the finished product by setting up internal stress concentrations. 
The use of ample fillets and radii on corners, rather than sharper edges, 
usually lowers mold costs considerably and results in better products. Types 
of plastic molding include: 

1. Injection molding, in which thermoplastics are heated and injected 
under pressure into the cold cavity formed by split dies 

2. Compression molding, in which plastics are heated and compressed in 
hot dies 

3. Extrusion molding, in which thermoplastics and some phenolics are 
heated and forced through an orifice die 

4. Jet molding, which is similar to injection molding but is used for ther¬ 
mosetting plastics 

5. Transfer molding, which is accomplished in two stages by heating 
thermosetting materials under pressure in one chamber, and then transfer¬ 
ring them through an orifice into a second. 

Molded products may be further fabricated, to a limited extent, by ma¬ 
chining, drilling, and similar operations. 

Lamination. Reinforced plastics are formed by the lamination of 
plastic impregnated fibers under heat and pressure. The panels may be 
formed by any of several systems using hot platens or molds. High-pressure 
lamination, requiring pressures up to 1,000 psi, is used for the production of 
smooth, dense, highly moisture-resistant materials such as plastic surfacing 
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for counteitops. Limited to simple forms, high-pressure laminates are pro¬ 
duced in a variety of colors and with many different fibers for reinforcing. 

Low-pressure laminates are ordinarily used for curtain wall components. 
Produced under pressures as low as 100 psi, they usually have only one 
smooth face (the face that is pressed against the die). Their density is lower 
than that of the high-pressures types, but they may be manufactured in 
much larger sizes, and they are less expensive. 

Laminated materials may be processed further by several methods. Thev 
may be machined (the glass fiber types require carbide-tipped tools), drilled 
with special drills designed for plastics, tapped, punched, sawed, and 
sheared. Punching, blanking, and shearing are facilitated by heating the ma¬ 
terials. Cured glass-fiber thermoset panels may be postformed to a limited 
extent by methods similar to the drawing of metals with punch and die. 

Facings of reinforced plastics are now being laminated to cores of various 
kinds to form composite or sandwich panels for use in curtain walls (Table 
6.15). This process is discussed in Chap. 8. 

Miscellaneous processes. Several other fabrication processes are in use 
for the production of plastics, including: 

1. Hot-press molding, in which the sheets are placed in a heated female 
die and formed to shape by hydrostatic pressure applied on the counter die 

2. Calendering, which consists of forcing the material between rollers 
(used for making sheets or film) 

3. Rubber bag molding, accomplished by inflating and deflating a bag to 
maintain uniform pressures 

4. Casting, which is done without pressure in a manner similar to the cast¬ 
ing of metals. 

FASTENING 

The most prevalent method for joining plastics is by adhesion. Many 
formulations produce excellent, readily obtainable adhesives. Plastic ad¬ 
hesives are discussed fully in Chap. 8. Other methods of fastening include 
welding (by various means similar to those used for metals) and mechanical 
fastening with screws or other fasteners. 

FINISHING 

The finish of plastic products is usually inherent in the material itself, 
since most colors, reflectivities, and similar properties may be obtained by 








Fig. 6.29 Plastic curtain wall (Monsanto Research Center, St. Louis, Mo.) 

varying formulations. Patterns and textures may be molded into the surfaces 
or applied by other means, and some plastics can be metallized. 

USE OF PLASTICS IN CURTAIN WALLS 

Adapting plastics for facings and complete curtain wall panels is a rela¬ 
tively new idea, but it seems safe to predict that there will be many such 
applications in the future (Fig. 6.29, 6.30, and 6.31). The use of plastics for 

Fig. 6.30 Close-up of Monsanto Research Center 
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Fig. 6.31 Plastic curtain wall, vertical section 


glazing should continue to grow; and it seems probable that plastic framing 
members, already theoretically feasible, will be part of the picture soon. 
When the framing members become available, plastic will be the only mate¬ 
rial from which it will be possible to construct an entire curtain wall meeting 
nearly all important requirements (incombustibility excepted). 

DESIGN CONSIDERATIONS 

Before deciding to use plastics and components made of plastics, the cur¬ 
tain wall designer should consider the following: 

1. Costs of materials vary considerably. 

2. Durability, strength, and other properties required for a particular 
application must be taken into account. Suitable plastics exist or can prob¬ 
ably be formulated for almost any requirement. 

3. Plastics have a wide color range, extremely low thermal conductivities 
and little weight. 

4. Clarity and optical properties vary considerably. 

5. Major limiting factors are high rates of thermal expansion, poor elastic 
behavior (creep), low thermal limits, and relatively low stiffness. 

6. Advance consultation with producers and fabricators can be very 

helpful. 7 
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7. Components must be adequately tested. 

8. Plastics should be used for the qualities they possess in their own right 
(utility, workability, economy, appearance) rather than for their facility as 
substitute or imitative materials. 


SPECIFICATIONS 

In specifying plastic curtain wall components, the designer might model 
his specification after the one given in Table 6.13, using the applicable 
properties and adding the colors, sizes, and finishes or patterns desired. 
More experience with panels, facings, and other components will allow 
simpler specifications of standard tested products. For a suggested complete 
cuitain wall specification, see Chap. 9; for a similar specification for com¬ 
posite panels, see Chap. 8. Standard specifications are listed in Appendix D. 







CHAPTER 7 The Materials: Concrete, 

Stone, Burned Clay 


CONCRETE 

Concrete is a plastic material composed of cement, water, and aggregates. 
After curing, it has properties similar to those of stone. Portland cement is 
almost invariably used today for making concrete, but natural cement and 
puzzolan cement may be employed. Aggregates used are sand, gravel, slag, 
and several other lightweight materials. Concrete used alone is usually 
called plain concrete. When it is combined with steel so that the two mate¬ 
rials work together in resisting stresses, it is known as reinforced concrete. 
Today, concrete is used for many curtain wall installations (Fig. 7.1). 

CLASSIFICATIONS 

Portland cements. Five major types of Portland cement are produced 
as well as a few special types (Table 7.1). 

Aggregates. Sand and gravel are the traditional aggregates, but slag, 
cinders, expanded minerals, and many other materials may be used. Im¬ 
portant lightweight aggregates are the following: 

1. Pumice-Formed by volcanic lava solidified into a honeycomb; has 
advantages of moderate lightness (30 to 60 lb per cu ft), good insulating 
qualities, incombustibility, desirable surface texture. 
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Fig. 7.1 Concrete curtain wall (Prudential Building, Los Angeles, Calif.) 


2. Perlite-Glasses from volcanic core that have been subjected to heat 
and expanded, trapping within the material tremendous numbers of tiny gas 
pockets; stable, inert, extremely light (6 to 16 lb per cu ft); small particle 
size requires more cement than do other types; lightness may cause floating- 
out of aggregate. 

3. Vermiculite-A micaceous mineral expanded by heat to about 30 times 
its original volume; extremely light (6 to 12 lb per cu ft); good insulation; 
tends to make a soft concrete; may float out of mix because of lightness. 

4. Expanded clays and shales—Heated to temperatures just below heat of 
fusion, these minerals often coalesce and trap gases, forming cellular struc¬ 
tures; expanded volume about 1 % times original; light (20 to 40 lb per cu 

ft); make stronger concrete than do many other aggregates but are more 
expensive. 

5. Expanded slag—By-product of steelmaking processes, subsequently ex¬ 
panded; moderately light (40 to 80 lb per cu ft); inexpensive; makes strong 
concrete. 

Reinforcing. The types of reinforcing bars recognized by the Concrete 
Reinforcing Steel Institute are billet steel and rail steel bars. Both these bars 
are available in plain and deformed (ASTM A305) varieties. Billet steel bars 

aie further classified by three grades: (1) Structural, (2) intermediate, and 
(3) hard. 
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Concrete. Concretes used in curtain walls are ordinarily classified by 
the compressive strength attained in 28 days, by the aggregate used, and by 
other special features, such as coloring or surface finish. 


CONCRETE IN CONTEMPORARY CURTAIN WALLS 

Concrete has been used to advantage in curtain walls in many ways, pri¬ 
marily in the form of precast panels (Fig. 7.2). Other uses, such as insulating 
fill and fireproofing, are described elsewhere. Typical properties of precast 
panels fabricated in concrete products plants are given in Table 7.2. 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The properties of concrete are subject to great variation, depending on the 
mixes used, the water-cement ratio, types of aggregates, curing time and 
conditions, and other variables. 

Basic components. Properties of the components of concrete used in 
curtain walls are as follows: 


TABLE 7.1 TYPES OF PORTLAN D CEMENT 

^yP e Characteristics 

Normal Portland cement (general purpose). 

11 Modified Portland. Improved resistance to sulfate attack; gener¬ 

ates heat at slower rate than type I. Used for work where tem¬ 
perature rise caused by generated heat is objectionable and 
for installations requiring sulfate resistances. 

HI High-early-strength Portland. Used for cold weather pours and 

where high strengths in short periods of time are required. 

^ Low-heat Portland. Generates heat at a minimum; slow develop¬ 

ment of strength. Used for large masses of concrete. 

V Sulfate-resistant Portland. High resistance to sulfate attack; 

slower hardening than type I. Used in locations where soils and 
water have larae alkali content. 


Air-entraining 
Portland cement 


White Portland 
cement 

Waterproofed 
Portland cement 


Contains materials to produce an infinite number of minute air 
bubbles (best results when 3 to 6 per cent of concrete by 
volume). Reduces weight 3 to 7% lb per cu ft. Produced in 
types similar to types I, II, and III. 

Made from selected materials by a special process. Used for non¬ 
staining mortars for limestones. 

Contains water-repellant materials. Increased durability because 
of low rate of water absorption. 
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mullion frame 
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'■+. _ Precast 

■; 4 concrete panel 



Fig. 7.2 Precast concrete panel, vertical section (Baldwin Building, Miami, Fla.) 


1. Water—Should be potable and free from alkalies, acids, oils, and sul¬ 
fates. Sea water has been used, but it reduces ultimate strength about 10 
to 20 per cent. 

Aggregates—Should be clean, hard, durable, strong, and free from chem¬ 
icals and organic matter. Weak, friable, or laminated matter is undesirable, 
since aggregates comprise 66 to 78 per cent of the concrete by volume. The 
type of aggregate used is very important. Aggregates should be well graded 
by size, with a minimum number of voids. Particles should be chemically 
inert and should bond well with the cement. They should be unaffected by 
weathering, insects, fungi, moisture, and time. They should be as light as 
possible without impairing the other necessary qualities. 

3. Portland cement-To speed up production, high early-strength cement 
is used for most precast curtain wall panels (Table 7.3). 
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TABLE 7.2 TYPICAL PROPERTIES OF CONCRETE PANELS CAST IN PLANTS 


Materials 

High-early-strength Portland cement, type III 

Air-entrainment agent (concrete to contain 3% to 4% per cent 
entrained air) 

Aggregate: gravel (max size, % in.), sand 

Exposed aggregate: quartz, granite 

Compressive strength 

4,000-6,500 psi at 28 days 

Max water absorption 

6 per cent 

Slump 

2 y 2 in.-3 ]/ 2 in. 

U value 

Approximately 0.15 for 5-in. panel 

Weight 

35 to 45 psf 

Sizes 

To 120 sq ft; standard thickness, 5 in.; other thicknesses obtain¬ 
able 

Textures 

Several standard and many special 

Colors 

Integral colors and exposed aggregates available 

Reinforcing 

Prefabricated wire mesh and shear ties of expanded metal 

Insulation 

Ordinarily rigid glass fiber (1 % in. in 5-in. panels) 

Joints 

Ordinarily T & G, sealed or caulked (others available) 

Fasteners 

Metal inserts cast integrally with panels 

General 

Window and door frames may be cast integrally with panels 


PROPERTIES OF CONCRETE 

Compressive strength. The compressive strength developed in con¬ 
crete is dependent on many factors. Primarily, it is determined by the water- 
cement ratio, the recommended maximum ratio for walls being 6 gal per 
sack. The effects of various water-cement ratios on the compressive strength 
of a controlled mix are shown in Fig. 7.3 for a concrete using normal Port¬ 
land cement, type I. The curves for high early-strength Portland cement 
(.type III) are similar, except that strengths are developed in shorter times. 


TABLE 7.3 PROPERTIES OF PORTLAND CEMENT 

Concrete with air-entraining Portland cement will have slightly less strength than type I. 


Type of 
cement 

Composition , 1 
per cent of total 


Per cent passing 
325-mesh sieve 

Compressive strength, per 
cent of strength of normal 
Portland cement concrete 
(cured moist) 

A 

B 

C 

D 

3 days 

28 days 

3 months 

1 

45 

27 

11 

8 

90.7 

100 

100 

100 

II 

44 

31 

5 

13 

94.7 

80 

85 

100 

III 

53 

19 

10 

10 

99.5 

190 

130 

115 

IV 

28 

49 

4 

T2 

93.1 

50 

65 

90 

V 

38 

43 

4 

8 

93.2 

65 

65 

85 


A: Tricalcium silicate; B: Dicalcium silicate; C: Tricdlcium aluminate; D; Tetracalcium alumino-ferrite. 
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Fig. 7.3 Effect of water-cement ratio on compressive strength (concrete moist-cured at 70°F) 

It may be safely assumed that for most mixes the modulus of rupture will 
be about 10 to 20 per cent of the compressive strength, and the tensile 
strength (usually ignored in design) will be about 10 per cent of the com¬ 
pressive strength value. 

Temperature. Compressive strengths developed in concrete mixes 
also depend on the temperature of curing. For normal ranges, concrete cures 

more rapidly and may reach higher strengths at moderate or elevated tem¬ 
peratures (Fig. 7.4). 
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Fig. 7.5 Effect of concrete density on compressive strength 

Density. The weights of concrete mixes vary with the weights of the 
a gg re g ates use d- As the density of concrete is increased, its compressive 
strength increases (Fig. 7.5) and its effective insulating value decreases 
(Fig. 7.6). 

Moist curing. Concrete increases in compressive strength for indefi¬ 
nitely long periods if it is kept moist. When concrete becomes dry, all chem¬ 
ical changes cease. If moist-curing is stopped, the increase in strength 
continues for a short period of time and then ceases. If the concrete is resat¬ 
urated with water, the curing process begins again. In practice, it is con- 
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Fig. 7.6 Effect of concrete conductivity on compressive strength 
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sidered best to keep the product continuously moist because of the difficul¬ 
ties encountered in resaturation. Concrete specimens kept moist for a year 

/7 e b f e “ f ° UD f t0 1 devel °P almost twice as much compressive strength 
3 — PS1) aS th0Se allowed t0 dr y af ter 28 days (something less than 

Shrinkage. Concrete shrinks considerably as it dries, sometimes 
enough to make it draw away from the forms, and usually enough to call 
r allowances m design. The average amount of shrinkage to be ex¬ 
pected in 100 days for concrete made with various heavy and lightweight 
aggregates is given in Fig. 7.7. 6 8 

Table of properties. Properties of concrete and some of its compo¬ 
nents are given in Table 7.4. The two most important factors in obtainfng 
strong concrete are the water-cement ratio and the curing methods used 8 

STof r e "° ^ ^ ^ PermeabiHty 3nd “"S 


durability 

Roman TZT* indefinitel y lon § life is apparent from the many 

ttoTe of tod m 6XiStenCe that WGre bui,t of -ncretes inferior to 

those of today The most important cause of deterioration of concrete is the 

alternate freezing and thawing of water within the concrete; in this respect 

is similar to stone and to burned clay products. Obviously, if water can be 
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excluded from the wall, the effects of weathering from freezing and thawing 
can be eliminated or vastly reduced. Again, the most important factor is the 
water-cement ratio. Figure 7.8 illustrates the effects of this ratio on the per¬ 
meability of concrete at various ages. Leakage decreases rapidly as the 
water-cement ratio is decreased and as the age increases. From this rela¬ 
tionship it can be seen that a watertight wall can be built by using a drier 
mix and curing it well. The relation of the effects of water-cement ratios 
and curing to the durability of concrete when subjected to alternate freezing 
and thawing cycles is illustrated in Fig. 7.9. Other important considerations 
for the production of watertight concrete are the use of sound aggregates of 
low porosity and correct grading, plastic and workable mixes, thorough mix¬ 
ing, and proper placement. 


TABLE 7.4 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES 
OF CONCRETE 


Gravel weight averages about 120 lb per cu ft and with sand produces concrete weighing 140—150 lb per 
cu ft, with a thermal conductivity of approximately 8.0-12.0. Cinders weighing 40-50 lb per cu ft produce 
concrete weighing 100-115 lb per cu ft with conductivity of approximately 4.9. 


Aggregate 


Property 


Vermiculite 


Foamed 

Foamed 


Pumice 

Perlite 

slag 

clay 

Density of aggregate. 






lb per cu ft 

30-60 

6-12 

6-16 

40-80 

40-60 

Mix 

Density of concrete. 

1:6 or more 

1:3 to 1:9 

1:3 to 1:9 

1:6 

1:6 

lb per cu ft 

Compressive strength. 

60-90 

25-50 

40-65 

90-100 

100-120 

psi 

Modulus of rupture. 

500-3,000 

150-500 

70-1,100 

300-3,000 

500-3,000 

psi 

Drying shrinkage. 

100-150 

40-75 

40-70 

200-300 

250-350 

per cent 

0.04-0.08 

0.28-0.35 

Approxi¬ 




up 


mately 0.2 

0.04-0.5 

0.02-0.08 

Thermal conductivity. 






Btu per hr per sq ft 
per deg F per in. 

1.4-2.4 

0.68-1.9 

0.75-1.5 

2.5-5.0 

2.3-4.2 

Modulus of elasticity, 
10 6 psi 

Relative cost of 

0.2-2.0 

0.04-0.2 

0.07-0.3 

0.5-3.0 

1.4-3.0 

aggregate 1 

4-5 

4-5 

4-6 

1 

7 


1 Prices are compared to that of foamed slag, taken as 1. 
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Tests made with lx6-in . mortar-disk specimens under 20-psi pressure. 

APPEARANCE 

Although the natural finish and color of concrete may be used in curtain 
wall components, numerous textures and color effects are possible (Fig. 7.10). 

Textures. Textures in concrete surfaces may be obtained by exposure 
of the aggregates, use of textured forms, or mechanical processing. The ap¬ 
propriate aggregates are usually special types with natural characteristics for 



-200 CYCLES 

-140 CYCLES 


80 CYCLES 


Fig. 7.9 Effect of water-cement ratio on durability 

Tests based on alternate freezing and thawing of 2-in. mortar cubes. 
















































the effects desired, such as marble, quartz, broken ceramics, vitreous enamels, 
gianite, or other materials. They are placed in horizontal forms in a smooth, 
even layer, or temporarily adhered to the sides of vertical forms so as to 
appear only on the surface of the completed product. After the forms are 
stripped, the surface of the concrete is washed with acid or brushed to re¬ 
move some of the concrete and clean the aggregate. If desired, the exposed 
aggregate may then be polished to a higher gloss. 

Textured forms or form linings of various sorts (for example, muslin) may 
be used to give texture to the concrete panel faces. A more definite texture 
can also be imparted by mechanical means (for example, machine-rubbed, 
broomed, bush-hammered, tooled, and ground and polished finishes). 

Colors. There are two principal methods for coloring concrete: Inte- 
gial coloring of the mix or the surface, and the use of colored aggregates. 
Colored aggregates may be the same as the ones used for textures. They 
are usually part of a combined coloring-texturing process. When this method 
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is used, it is often necessary to color the mix to assure the proper effect. 
This may be accomplished with pure mineral oxides in amounts not to ex¬ 
ceed 10 per cent of the mix by weight. When the oxides are used, longer 
mixing will be required than is usual for uncolored concrete. The colors are 
quite permanent. If very light colors are desired, it will be necessary to use 
white Portland cement. 


Concrete may be colored with pigments alone if desired; however, the 
use of aggregates on the surface presents more opportunity for variety and 
creates color as permanent as that of the aggregates themselves. 

One other treatment for the surface of concrete panels may be of interest 
to the curtain wall designer-the creation of pattern by pouring panels in 
special ornamental forms. For custom work, a vast number of conformations 
can be molded into the surface. 


SIZES OF CONCRETE PRODUCTS 

Poured-in-place, cast-on-the-job concrete may of course be poured in any 
practical size. The several types of precast factory-made panels now on the 
market are furnished in a variety of standard sizes; the maximum area of the 
largest panels is about 120 sq ft, a size much larger than is required for most 
curtain walls and usually too expensive to erect because of its weight. The 
usual total thickness of the standard panels is 5 in. 


PRODUCTION AND FABRICATION 


Ready-to-place concrete is produced in batch mixers or mixing plants in 
the proportions designed for the particular application. Proportioning is 
usually done in terms of absolute volume of the components, with due re¬ 
gard to the water-cement ratio required. The consistency of the mix required 
to insure a plastic concrete (one that can be readily molded but changes 
shape slowly if the form is removed) is determined by a slump test. The 
slump is measured by filling a standard slump cone with three layers of 
concrete of approximately equal volume, removing the cone, and measuring 
the diffeience between the height of the cone and that of the concrete mass. 
Foi reinforced concrete walls, the recommended maximum slump is 6 in. 
and the minimum, 3 in. If the concrete is vibrated with a high-frequency 
vibrator, the recommended slumps are 4 in. and 2 in. respectively. In prac¬ 
tice, concrete mixes are designed by trial and subsequent correction. 
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Air-entrained concrete is recommended for factory precast panels. Ad¬ 
justments are necessary to assure the same strengths, water-cement ratios, 
or cement factors that similar mixes possess without air-entrainment. Slumps 
may be somewhat less than with ordinary concrete. 

Vaiious field-control and other tests are usually specified for concrete. 
Among these are tests for the sampling of aggregates, organic impurities, 
grading of aggregates, amount of surface moisture, slump, fresh concrete 
analysis, and compression and flexure. A list of the ASTM tests for concrete 
and its components will be found in Appendix D. 

Handling and transportation of concrete must be carefully controlled to 
avoid separation of the ingredients and insure uniformity of the finished 
product. Placing must be carefully accomplished to insure a homogeneous 
product of the calculated strength and free from honeycombs and other de¬ 
fects. Curing should take place at normal temperatures, and the concrete 
should be kept moist as long as possible. Finishing should be carefully 
undertaken at the earliest possible time. 

Lightweight concrete. The strength of lightweight concretes is re¬ 
lated to the strength of the aggregates used and the richness of the mix. The 
compression strength—roughly proportional to the weight of the aggregates 
used-ranges from 200 psi to 5,000 psi. Concrete weighing less than 50 lb 
per cu ft is barely capable of a strength of over 1,000 psi; 80-lb-per-cu-ft 
concrete is limited in strength to about 2,000 psi. Lightweight concretes 
have improved fire resistance, acoustical properties, and insulation quali¬ 
ties. Conversely, they are usually more costly, harder to place, and have 
less strength than ordinary concrete. For good resistance to water penetra¬ 
tion, lightweight concretes of 2,000-psi strength or greater should be used. 
Air-entrainment is recommended for improving workability and for reduc¬ 
ing separation during placement. The recommended slump is about 2V> in. 

In using lightweight concrete, tests should be made to correlate the prop¬ 
erties of dry concrete with plastic mixes and to determine the bond strength 
with the steel, the flow under load and cracking tendencies, the advisability 
of using admixtures or wetting agents, and the heat resistance. 

The maximum size of lightweight aggregates is usually less than that of 
ordinary types. Curing is often less critical because of the aggregates’ supe¬ 
rior affinity for moisture. If sand can be eliminated from the mix and only 
lightweight aggregates used, the resulting concrete will be lighter and will 
have less shrinkage. For the same reasons, the cement factor should be kept 
as low as possible for the strength desired. A suggested design for a light- 








THE MATERIALS: CONCRETE 


271 



weight curtain wall panel using vermiculite aggregate is shown in Fig. 7 11 
Precast panels. Precast panels may be produced in a concrete products 
plant, in a casting yard on or near the project, or on the floor of the building 

0 “ ,side of ^ 4 

1. Level and tamped earth or sand 

3 Concrete £1°™' (plyW °° d ’ Sted sheets > or P^stic-coated plywood) 
4. Special molds (steel, plastic, or concrete). 

Panels cast in plants are poured into special molds. For the other loca¬ 
tions, the initial costs, repairs, and re-use will help determine the type of 
siuface to be used. It is preferable that the reinforcement be preassembled. 
The mix should be designed to yield the required strength and durability. 

any of the newer panels are composed of two layers of concrete with a 
layer of insulation between. In these panels, reinforcement is used as shear 
ties to insure that both concrete layers act together as a unit. High early- 
stiength concrete permits faster production and earlier handling (minimum 

0, and an-entrainment provides more workable mixes and insures less 
sepaiation of the ingredients. 
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Fig. 7.12 Typical plant-cast concrete panels, sections 


Vacuum lifters, which distribute lifting stresses over large areas, may be 
used for early removal of panels, and tilting tables will also facilitate the 
removal. In setting up a casting operation, the relationship between the 
yard capacity and rate of erection of the panels should be considered. These 
two factors will depend to some extent on the output of the production 
equipment and the capacity of the handling equipment. 

A typical 28-day plant operation for precasting a 4,000- to 6,500-psi con¬ 
crete panel (Fig. 7.12) with high-early-strength cement and an air-entrain- 
ment agent might consist of the following steps: 

1. Mounting horizontal form on railroad rails and lining it with muslin. 

2. Placing facing mix with selected colored aggregate in the form. 

3. Placing preassembled reinforcing basket of 4x4 No. 10 mesh in the 
form. 

4. Pouring concrete 1% in. thick and vibrating it for 2 min (care must 
be taken not to overvibrate the mix). 

5. Placing insulation (usually rigid glass fiber 1% in. thick) with shear 
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ties and lifting hooks. (Shear ties are 1/4-in. expanded metal throughout the 
periphery of the panel and 2 ft on centers vertically.) 

6. Placing second layer of preassembled reinforcing (similar to the first). 

7. Placing concrete 1% in. thick and vibrating as in step 4. 

8. Screeding off excess concrete and floating the surface. 

9. Working surface, as hardening begins, to impart texture desired (panel 
kept moist while curing). 

10. Removing panel from the form after 20 to 24 hr and stripping muslin 
lining. 

11. Sanding panel face to remove cement film; wire brushing it to expose 
the aggregate; carefully washing it with acid to bring out color. (The acid 
is then washed completely from the surface.) 

12. Covering panel with saturated burlap and paper and moist-curing at 
70° F for 15 to 48 hr. 

The panel is kept moist on both sides for four days and then covered and 
stored for three weeks. The slump used is 2% to 3% in. Four 6 x 12-in. test 
cylinders are made, cured in the same manner as the panel, stored in ac¬ 
cordance with ASTM C-192, and tested in accordance with ASTM C-39. 

Tiltup panels. Tiltup panels are similar in all respects to job precast 
panels, except that they are tilted rather than lifted or otherwise fixed into 
place. The major design difference results from the particular stresses en¬ 
countered in tilting. Some of the common forms of tiltup panels (including 
connections) are shown in Fig. 7.13. 

Sprayed-on concrete. Although sprayed-on concrete has been utilized 
for relatively few curtain wall exteriors, it has been widely used for place¬ 
ment of fireproofing backup and insulating concrete. An example of a cur¬ 
tain wall constructed by the method is the 3325 Wilshire Building in Los 
Angeles (see Chap. 3). Some of the spandrels for this curtain wall were con¬ 
structed by spraying 4 in. of vermiculite concrete on a paper-backed lath 
supported on a light channel frame. The system yielded a 4-hr fire-rated 
wall designed for a 30-psf wind load. 

Prestressing. Prestressing (Fig. 7.14) has yet to be used in concrete 
curtain walls, but it might be worthy of consideration for use in precast 
panels. Prestressing is one of the best methods known for the elimination of 
cracks in concrete. It permits (1) thin panels equal or superior in strength to 
thicker ones, (2) economical use of steel, (3) longer spans than are otherwise 
possible, and (4) more rapid and accurate design calculations. Highly resis¬ 
tant to shearing stresses, prestressed concrete is also elastic and returns to its 
original shape if the elastic limit of the steel is not exceeded. 










a. Panels and corner column 

b. Panels and wall column 

c. Wall splice 


No load 
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Fig. 7.14 Principles of prestressing 
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USE OF CONCRETE IN CURTAIN WALLS 

Concrete is used in curtain walls in several ways. First, it may be used 
for construction of the fireproof backup still required by some building 
codes. With lightweight aggregates, it is often used as an insulating fill for 
panels made of metals or other materials, sometimes performing the added 
function of providing a strong core for stiffening and straightening the panel 
facings. Concrete may be used in its own right as a curtain wall panel or as 
a complete wall except for windows (Fig. 7.15). It can also function as a 

wall panel with an applied facing of ceramic tile, ceramic veneer, or other 
materials. 



Fig. 7.15 Concrete curtain wall (Baldwin Building, Miami, Fla.) 


POTENTIALITIES AND LIMITATIONS 

The advantages of concrete for curtain walls are the following: 

1. Fire resistance 

2. Weather resistance 

3. Medium to low cost 

4. Variety of textures and colors 

5. Good insulating qualities 
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6. Workability (may be produced in many sizes and shapes) 

7. Medium to low maintenance 

8. Materials simple and readily available' 

9. Fabrication simple 

10. Erection simple. 

The limitations of concrete are the following: 

1. Components heavier than other types 

2. Panels thicker than many other types 

3. Tendency to crack 

4. Failures caused by alternate freezing and thawing 

5. Wet material 

6. Tolerances often larger than with other materials. 

DESIGN CONSIDERATIONS 

In addition, the curtain wall designer should pay attention to the follow¬ 
ing considerations: 

1. What is the function of the wall? 

2. What is the budget? 

3. What maximum panel thickness can be used? 

4. What method of casting may be used? (Horizontal casting is consid¬ 
ered best for easy control of surfaces and easy removal from forms.) 

5. What methods are suitable for fastening? 

6. What tolerances and clearances will be necessary? 

7. How will the joints be handled? (Self-aligning joints speed erection.) 

8. What is the most desirable finish? (Textured finishes are less prone to 
show surface-cracking.) 

9. Strong and watertight panels depend on: 

a. Suitable design 

b. Sound aggregates of low porosity and s uitab le gr adin g 

c. Limited amount of mixing water (6 gal per sack maximum) 

d. Plastic, workable mixes (2%- to 4-in. slump recommended) 

e. Proper curing (wet-curing for long periods recommended) 

f. Protection from low temperatures 

g. Thorough mixing 

h. Proper handling and placement 

i. Proper stripping or removal of panels from forms 
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j. Proper and extremely close controls and testing 
10. Consult with producers and fabricators in advance of construction. 

SPECIFICATIONS 

When specifying concrete panels or materials for curtain wall use, the de¬ 
signers should itemize the following: 

1. Material standards-Uniformity, type of cement, air-entrainment (if 
required), aggregate, reinforcing, insulation, water 

2. Strength of concrete at 28 days 

3. Allowable slump 

4. Finishes 

5. Colors-Colored aggregates, integral coloring, or both 

6. Dimensions of panels (including thicknesses of concrete, insulation, 
and overall) 

7. Casting method—Forms, vibration, and removal 

8. Curing procedures-Time, temperatures, wetting, and the like 

9. Tests 

10. Inspection and controls 

11. Shop drawings. 

A suggested complete curtain wall specification is given in Chap. 9. Stand¬ 
ard specifications are listed in Appendix D. 

ECONOMICS OF SELECTION 

For an economical use of concrete in curtain walls, the designer should 
consider the following: 

1. Economy is affected by fabrication method. 

2. Minimum formwork and maximum re-use of forms will reduce costs. 

3. As conciete curtain wall components tend to be heavier than other 
types, transportation costs are considerable if casting is done far from the 
job site. 

4. Textuiing, special aggregates, special sizes, and colors increase costs. 

5. A variety of sizes and conformations of panels increase costs. 

6. Laige panels reduce the number of joints but are more expensive to 
ship, handle, and erect. 

7. Election methods are important because of weight of panels. 
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STONE 


The history of stone as a building material begins in prehistoric times. As 
a great tradition it lasted until the late 19th century, at which time the ma¬ 
terial began to lose favor. In the years just past, stone has begun to gain 
back some of its lost glory. Contemporary architects like Marcel Breuer have 
used it in mass for building pedestals or bases, and for walls and other forms 
where it is contrasted with the smooth look of newer materials. Mies van der 
Rohe’s use of polished marble for a highly sophisticated division of space is 
well known. 

Another development that holds promise for the future use of stone is the 
contemporary curtain wall (Fig. 7.16). Stone curtain walls are still few in 
number, but it would appear that their company is destined to grow. No 
other material has had such a long, honorable, and noble career in great 
architecture as has stone. And none can approach it for beauty of texture, 
natural variation of color, or elegance. 

CLASSIFICATIONS 

Stone used for building is composed of aggregates of minerals, which are in 
turn compounds of various chemical elements. These minerals fall into three 
major groups: (1) Silica minerals in various forms, (2) silicate minerals (silica 
combined with metallics), and (3) calcareous minerals (composed of calcite 
or carbonate of lime in various combinations). 

Some of the more important aggregates found in nature are as follows: 

1. Silica—Quartz, an almost pure silica, is the essential ingredient of 
granite and sandstone; it is also the cementing medium in many limestones 
and sandstones. 

2. Silicates—Feldspar is a silicate of alumina, with potash, soda, or lime 
(on which the color of granite often depends). Mica is a silicate of alumina 
and other minerals. Hornblende is a silicate of alumina with lime and 
iron; it takes a good polish, is strong and durable, and is often found in 
granite. Serpentine is a silicate of magnesia, with calcite or dolomite; it is 
a basic ingredient of serpentine and verde antique marbles. 

3. Calcite—When pure, it is white and quite soft; it is often found in 
limestones, marbles, and travertine; calcite is also used for quicklime and 
cement production. 






THE MATERIALS: STONE 27C 

4. Dolomite—A carbonate of lime and magnesia, dolomite is actually the 
proper term for many stones popularly called marbles. 

5. Gypsum-Quarried for plasters and other uses, gypsum is hydrous 
sulfate of lime. 

Classification by method of formation. Stones or rocks are further 
classified according to the methods by which they were formed, as igneous, 
sedimentary, or metamorphic types. 

1. Igneous-Formed by the eruption of molten material from the interior 
of the earth and then gradually cooled and solidified near the earth’s surface, 
igneous rocks are usually crystalline and massive with no stratification 
planes. The most important igneous rocks are granites, which contain quartz 
and potash feldspar, and usually hornblende and mica. Textures are coarse 
to fine; colors are gray, yellow, pink, or deep red (according to the disposi¬ 
tion of hornblende and mica). Granites are strong, hard, durable, and can 
take a high polish. Their lines and contours dull very little with time. 

2. Sedimentary—Largely formed by sediment deposited by bodies of 
water in beds and strata of varying thicknesses, sometimes by sediment de¬ 
posited by wind or chemical precipitation. 

Fig. 7.16 Marble curtain wall (Gulf Oil Co. Building, Atlanta, Ga.) 
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a. Limestone—Composed of fine particles of carbonate of lime in round 
grains, shells, and other forms, and cemented by silica, iron oxide, or 
carbonate of lime. Its strength and durability depend on the type 
and quality of the cementing material. Silica cement is hard and 
insoluble; iron oxide will dissolve to some extent; carbonate of lime 
readily dissolves in water. Colors range from white to dark gray, 
and include cream, yellows, and browns, depending on the extent 
to which iron oxide and various impurities are present. Textures 
vary from fine, dense, homogeneous types to variegated surfaces 
pitted by shells, inclusions, and the like. (These are called variegated 
or rustic finishes.) 

(1) Oolitic limestone-Considered the finest quality, it is found 
mainly in Indiana and in France. Virtually noncrystalline, it is a 
free stone without cleavage planes, is uniform in composition, 
texture, and structure. Having high internal elasticity, it adapts 
readily to extreme temperature changes. Denser types may be 
polished and are sometimes called marbles. Soft when quarried, 
this limestone weathers hard. 

(2) Dolomitic limestone—A somewhat crystalline form, it is usually 
found in ledge formations. It has somewhat more crushing and 
tensile strength than oolitic types, in addition to a generally 
greater variety of texture. 

(3) Crystalline limestone—Although it is not a recrystallized form 
like marble, crystalline limestone possesses high crushing and 
tensile strengths and a low rate of absorption of water. Variety 
of color and texture is limited to gradations of grays and to 
smooth faces. 

b. Sandstone—Composed of round and angular grains of sand or quartz 
cemented together to form solid rock. When the cement is silica that 
has hardened under pressure, sandstone is hard and durable and 
has a light color. When cemented with iron oxide, it is less strong 
and durable and more easily cut; colors are browns or reds. Ohio 
types of sandstone are fine grained, easily worked, strong, and du¬ 
rable. When sandstones are first quarried they contain quarry water 
and are easy to work; after evaporation of the water working is more 
difficult. They possess high crushing and tensile strengths. 

c. Quartzite—A compact granular rock composed of quartz crystals, 
often firmly cemented and as homogeneous as man y granites. 
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Fig. 7.17 Marble curtain wall (City-County 
Building, Detroit, Mich.) 


Usually in stratified form, it possesses high crushing and tensile 
strengths, smooth faces, and a wide color range. 

3. Metamorphic—Formed by changes or reorganizations of other rock 
forms by great heat and pressure, metamorphic rocks have a crystalline and 
banded structure. The most important metamorphic type is marble, a crys¬ 
talline stone derived from noncrystalline limestone and dolomite. The pure 
marbles are white; others are available in a vast range of colors and stria- 
tions. Breccia marbles have rounded and angular fragments imbedded in 
colored cemented materials. Onyx has high translucency and ornamental 
veining and clouding. Serpentine, composed largely of the mineral of the 
same name, may be obtained in a wide range of colors, including greens, 
yellows, black, reds, and browns; it is often called verde antique. 


STONE IN CONTEMPORARY CURTAIN WAITS 

Many types of stones might be used in curtain walls. Most of the existing 
installations have used various limestones, marble, and serpentine for span¬ 
drels, column covers, and the like (Fig. 7.17). Table 7.5 lists some of the 
stones that have been (or might be) used for curtain walls, with some of 
their characteristics. 
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TABLE 7.5 CHARACTERISTICS OF STONE FOR CURTAIN WALL PANELS 


Type 

Colors 

Textures 

Sizes 

Limestone 

Usually buffs, 
creams, grays, 
rust, variegated 

Many available; 
split face, sand- 
sawn surfaces 
often used 

Thicknesses: 2, 3, 3%, and 4 in. 
often used. Recommended 
maximum size for 2 in.: 4 ft 8 
in. by 3 ft. Usual sizes for 2 in.: 
2 ft, 2 ft 6 in., or 2 ft 8 in. wide 
by 5 ft. 

Marble 

Wide variety, 
domestic and 
imported 

Many available; 
sand finish 
ordinarily 
recommended 

Thicknesses: %, 1 %, 1 %, and 2 
in. 1 % in. minimum recom¬ 
mended by Marble Institute of 
America. Sizes available: any 
practical dimensions. 

Granite 

Wide variety 

Several avail¬ 
able; ordinar¬ 
ily polished 

Minimum thickness recommended: 
2 in. Sizes available: any prac¬ 
tical dimensions. 

Sandstone 

Wide variety 

Cleft face 

Thickness: 1 % in. Sizes available: 
3 to 10 sq ft. 

Serpentine 

Wide variety 

Usually polished 

Minimum thickness recommended: 
2 in. Sizes available: any prac¬ 
tical dimensions. 


CHEMICAL, PHYSICAL, AND MECHANICAL PROPERTIES 

The general characteristics of stone that should be considered by the cur¬ 
tain wall designer are strength, durability, appearance, and cost. Some of the 
chemical, physical, and mechanical properties are given in Table 7.6. 
Granites are the hardest and strongest stones in use, followed by the marbles 
and sandstone. Limestones usually are the softest and have the least 
strength. 

Density. The average density of stone is about 0.1 lb per cu in. Sand¬ 
stones are among the lightest stones and marbles the heaviest. 

Strength. In the past, stone was considered useful primarily as a 
material for taking compression loads because of its high compressive 
strength. Ultimate compressive strengths vary from nearly 30,000 psi for 
some granites to just above 3,000 psi for a few limestones. Working strengths 
are ordinarily assumed to be about 40 to 50 per cent of these figures. 
Modulus of elasticity (E) ranges from 14,000,000 for some slates to a low of 
about 3,300,000 for sandstones. Modulus of rupture figures are low (about 
250 to 3,000 psi). Tensile strengths are very low, ranging from about 250 
to not much more than 1,500 psi. 

Thermal properties. Thermal expansion of stones covers a wide 
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range, from about 2 X lO" 6 to 9 X 10"«. Thermal conductivity is low. 

lermal limits are more than adequate for curtain walls, most stones being 
capable of withstanding much higher temperatures than would ever occur. 

Hardness. Stones that might be used for curtain walls vary in hard¬ 
ness from about 13.0 for some sandstones to above 16.0 for some granites 
and marbles (as tested on abrasive hardness testing machines). 


DURABILITY 

The durability of stones is most affected by the action that takes place in 
the stone during alternate cycles of freezing and thawing. The standard test 
tor measuring durability puts specimens through alternate freezing and 
thawing cycles from -30° F to 90° F, during which time the test speci¬ 
mens are kept thoroughly wet. Some types can withstand only a few cycles- 
those which have been used for curtain wall applications can stand no less 
than 30 cycles, the average probably failing at about 100 cycles. Some stones 
can withstand more than 2,000 cycles. 

Absorption. The durability of stones undergoing alternate freezing 
and thawing is directly related to the rate of water absorption of the mate 
rials. Usually, the figures are given in terms of the percentage of water 
absorption by weight. The range of absorption is from less than one-tenth 
o per cent for some dense marbles to more than 6 per cent for a few lime- 


TABLE 7.6 AVERAGE PHYSICAL AND MECHANICAL PROPERTIES OF STONE 


Property 

Granite 

Marble 

Limestone 

Sandstone 

Slate 

Density, lb per cu ft 

170 

165 

165 

155 

175 

Specific gravity 

2.70 

2.66 

2.66 

2.40 

2.80 

Hardness (abrasive) 

20 

15 

12 

13 

18 

Absorption, per cent 
by weight 

1.0 up 

0.09-0.25 

3.0 up 

1.5 up 

1.5 up 

Ultimate compression strength, 

1,000 psi 

10-26 

10-23 

3-20 

3-19 


Ultimate shear strength, 

1,000 psi 

2.3 

1.3 

1.4 

1.7 


Modulus of rupture, 1,000 psi 

1.2-2.2 

0.85-2.3 

0.25-2.7 

0.5-2.2 


Modulus of elasticity (flexure), 

1,000 psi 

7,500 

8,200 

8,400 

3,300 

14,000 
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Fig. 7.18 Stone curtain wall (Calhoun County Court House, Marshall, Mich.) 

stones. It is ordinarily assumed that limestone and many other stones require 
waterproofing for use in curtain walls. Another characteristic sometimes 
used for expressing the absorption rate of stones is porosity, which is a 
measure of the percentage of water absorption by volume. 

Life expectancy. The life expectancy of stones is usually assumed to 
be quite long, although some soft, weak sandstones deteriorate in 10 years 
or so. On the other hand, certain marbles and granites last for centuries 
without significant wear. In general, the life of a stone depends on its hard¬ 
ness, density, and rate of water absorption. Hard, dense, nonabsorptive 
stones last indefinitely; soft, porous stones have limited lives. Another aspect 
that must be considered is the effect of polluted air in the atmosphere. 
Various agents released from industrial plants—for example, carbonic-acid 
gas—tend to break down and deteriorate stone. For this reason, certain tests 
are made to determine the weatherability of a stone in such atmospheres. 
One of these tests is accomplished with carbonic acid, another with sodium 
sulfate. The degree of resistance of the stone to these chemicals is consid¬ 
ered a measure of its weatherability. A final consideration is the ability of 
the stone to maintain its color and appearance with time. Hard, dense stones 
also have an advantage in this respect. 
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APPEARANCE 

Stones available for curtain wall use present an amazing array of colors, 
pattern, veining, and surfaces (Fig. 7.18). And they may come from any part 
of the world. In addition to domestic marbles, for example, other varieties 
are imported from Belgium, Italy, France, Canada, Spain, Chile, Yugoslavia, 
England, Mexico, Morocco, Germany, Portugal, and Trieste. 

FINISHES 

A large number of mechanical finishes may be imparted to stone, but not 
all of these finishes may be applied to all stones, and only a few are well 
suited to curtain wall uses. 

Limestone finishes. The following are typical finishes for limestone, 
sandstone, and comparable stones: 

1. Smooth plane—The finish left by the planer, but with tool marks re¬ 
moved 

2. Carbo finish—A smooth finish produced with a carborundum machine 

3. Rubbed finish—Produced by rubbing with abrasive; not often used 
today because planer finish is similar 

4. Sand-sawed—The medium smooth, granular finish left by the gang saw; 
textures vary with type of stone 

5. Chat-sawed—A rough finish produced by sawing with a coarse chat 
under the saw blade 

6. Shot-sawed—A heavily ribbed finish with roughly parallel grooves, pro¬ 
duced by sawing with chilled steel shot under the blades 

7. Tooled finishes—These include several possibilities, all expensive 

8. Hand finishes—These include bush hammered, pick-pointed, and 
stripped finishes; very expensive. 

Marble finishes. The following are typical finishes 1 for marble: 

1. Natural finish—Produced by sawing 

2. Sand finish—A smooth, nonreflective finish, sometimes called sand- 
rubbed; economical; recommended for curtain wall exterior use 

3. Sand-blown—A somewhat more granular finish, produced by sand¬ 
blasting 

4. Grit finish—A highly smooth finish 

5. Hone finish—Velvet smooth, with almost no gloss 

i Smooth finishes tend to emphasize the veining; rougher finishes tend to hide the veining, but 
usually weather netter ® 








VERTICAL SECTION 0 6 
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Fig. 7.19 Marble curtain wall, sections (Spartanburg County Court House, Spartanburg, S.C.) 

6. Polished finish—High-gloss, mirrorlike finish that shows color and vein- 
ing of marble to good advantage; not recommended for exterior use 

7. Axed finish—An over-all pattern of close, short parallel lines (usually 
vertical) produced by the vibration of a chisel across the face; soft texture 

8. Bush-hammered finish—Lightly roughened with bushing tool; almost 
completely hides the veining; fairly heavy texture. 

FASTENERS 

The fastening of stone in curtain walls is accomplished largely by mechan¬ 
ical means. The majority of stone spandrel panels are held in place by angles, 
clips, or other devices similar to those used with other materials. Some 
fastening may be accomplished by traditional methods, such as mortar 
setting beds, and by various masonry devices, including ordinary stone strap 
anchors, wall ties, cramps, and dowels. 
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CLEANING AND PROTECTION 

st °ne must be protected from being stained by smoke, iron, concrete, and 
other staining agents. Setting beds, if used, should be made with neat white 
cement or nonstaining Portland cement; mastic, grout, or pointing com¬ 
pounds should be nonstaining. Any contiguous iron or steel should be rust- 
proofed, and concrete should be coated. 

wiS?r g ° f 'Ti! T ain ^ COm P° nents ma y us ually be accomplished 
a fiber scrub brush and either clear water or water with a small quan- 

tity of soap powder dissolved in it. After cleaning, the surfaces should be 

thoroughly rinsed with clear water. More severely stained surfaces may be 

cleaned by methods recommended by the stone producers. These methods 

Jert U l N Van ° US ° r ^ a PP lications > depending on the ma- 

sandblasdng reC ° mmended are acids > steel wire brushes, harsh abrasives, or 

USE OF STONE IN CONTEMPORARY CURTAIN WAILS 

Stone is used in several ways in the contemporary curtain wall. As aggre¬ 
gate for concrete (for example, perlite or vermiculite), it is used in the manu- 
acture of concrete wall components and for insulation. More and more 
stone is being used as facing material. The most common types heretofore 
have been marble (Fig. 7.19), serpentine, and limestone (Fig. 7.20). There is 
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Fig. 7.20 Limestone curtain wall, sections 
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every reason to expect increased use of these materials for curtain wall 
facing puiposes, particularly in buildings of official or somewhat monu¬ 
mental purposes (Fig. 7.21). 

POTENTIALITIES AND LIMITATIONS 

The advantages of stone for curtain wall construction are the following: 

1. Weather resistance-Many types are resistant to weather and tend to 
" age gracefully” 

2. Fire resistance—All types are fireproof or fire resistant 

3. Corrosion resistance—Good 

4. Variety of textures and colors—Excellent 

5. Over-all appearance—Richness and monumentality. 

The limitations of stone are the following: 

1. Cost-High 

2. Weight Greater than that of most materials (because of thicknesses re¬ 
quired). 

DESIGN CONSIDERATIONS 

In order to insure proper and economical installation of stone in curtain 
walls, the designer should consider the following points: 

1. Costs tend to be less for abundant, easily workable stone from nearby 
quarries. In general, the harder and stronger the stone, the more expensive it 
is to quarry and process. 

2. Tolerances and clearances should be studied carefully. 

3. Noncorrosive anchors and nonstaining mortars, grouts, mastics, and 
sealants should be used. 

4. For dependable service, all foreign stones should be processed in this 
country. 

5. Stone should be separated from contact with concrete, if possible, or 
concrete should be coated with asphaltic compound or other protective 
material. 

6. Iron adjoining stone should be rustproofed. 

7. Absorptive limestone and similar stones must be waterproofed. 

8. During erection, stone must be protected against smoke, oil, efflores- 
cence. 







9. Only sound stones with sufficient strength should be used for curtain 
walls. 1 


SPECIFICATIONS 

When specifying stone materials for curtain wall uses, the designer should 
call for the following: 

1. Type of stone and location of quarry 

2. Grade, when applicable 

3. Variety or particular type of stone, when applicable 

4. Finish or texture 

5. Dimensions 

6. Allowable variations or defects 

7. Samples 

8. Shop drawings 

9. Fasteners 

10. Type of joints and sealants, caulking, and the like 

11. Protection and cleaning. 

A suggested complete curtain wall specification may be found in Chap. 9. 
Standard specifications are listed in Appendix D. ^ 

i Marbles are graded for soundness as A, B, C, and D. A types are “sound marbles and stones 
with uniform and favorable working qualities” according to the Marble Institute of America 
which recommends only A stones for curtain walls. 
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BURNED-CLAY PRODUCTS 


Burned-clay products of various kinds may be used for curtain walls. 
Among the most important current varieties are ceramic veneer, ceramic 
tile, and clay masonry products used for solar controls. All these materials 
have certain common characteristics. They are formed from clay or similar 
raw materials, with various additions of flint, feldspar, and other ingredients. 
They are all burned in kilns. All are usually erected with mortar or ad¬ 
hesives of some type. In these respects, they are all closely related to brick, 
structural clay tile, and terra cotta. In fact, ceramic veneer is actually a 
terra cotta product produced in a new form. 

All burned-clay products have long histories. For several thousand years 


TABLE 7.7 REFLECTIVITY OF 
MATERIAL 

BURNED-CLAY 

Material 

Per cent 
Light reflectivity 

Unglazed clay masonry 

Cream manganese spot 

52 

Cream 

50 

Light buff 

43 

Light gray 

40 

Gray manganese spot 

40 

Golden buff 

35 

Red 

30 

Dark red 

23 

Ceramic glazed clay masonry 

White 

83 

Ivory 

67 

Sunlight yellow 

65 

White mottle 

64 

Coral 

58 

Cream glazed 

51 

Light gray 

49 

Green mottle 

49 

Cream mottle 

49 

Light green 

46 

Cream tone salt glazed 

44 

Gray mottle 

41 

Ocular green 

37 

Tan 

37 

Blue 

35 

Buff tone salt 

27 

Black 

5 
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they have consistently found a place in architecture (though not in their 
present form) as masonry walls, wall coverings, roofs, floors, and for the 

enclosure of gardens and the like spaces, not to mention innumerable other 
purposes. 


REFLECTIVITY 

Table 7.7 gives the average reflectivities for burned-clay products of vari¬ 
ous colors, glazed and unglazed. The figures are not directly applicable to 

ceramic tile, but give some indication of what can be expected from this 
material. 


BURNED-CLAY PRODUCTS: CERAMIC VENEER 


Ceramic veneer is a form of architectural terra cotta produced in flat 
pieces and in limited sizes. Made from high-quality clays, with some in¬ 
fusible fire clay and about one-third finely pulverized burned clay (grog), 
ceramic veneer may be obtained in a number of colors and in various sizes 
up to an area of about 4 sq ft. It is produced in two types, adhesion type, 
ordinarily erected in mortar, and anchor type, which is held in place with 
pencil rods or slot anchors. 

Ceramic veneer has been in use on the West Coast for facing of buildings 
ever since its development in the nineteen-thirties. It was originally designed 
as a material to resist earthquakes, and the earliest installations have stood 
up very well under all conditions. Its use in curtain walls has heretofore been 
limited to adhered facings of the material on lightweight concrete panels 
(Fig. 7.22). 5 P 


FABRICATION OF CERAMIC VENEER PANELS 

The manufacture of typical curtain wall panels with ceramic veneer fac¬ 
ings is as follows: 

1. A horizontal form of proper size is placed on casting table. The form 
is consti ucted in the same manner as are those used for ordinary precast 
concrete panels. 











Fig. 7.22 Ceramic veneer curtain wall (Broadway School/ Newark/ N.J.) 


2. The ceramic veneer units are wetted. The exact amount of water used 
depends on the absorptive qualities of the particular units. 

3. The ceramic veneer units are placed in the form, face-down, with 
/4-in. rubber strips (% in. wide) in joints between the units. 

4. The backs of the units are brushed with neat cement grout. 

5. Prefabricated reinforcement is placed and supported so that it will 
be in the center of the finished panel. Typical reinforcement is 4 x 4 No. 3 
galvanized welded mesh, but the strength required for a particular panel 
determines the actual type. 

6. Lightweight-aggregate concrete (expanded shale type) is poured and 
vibrated to insure bond and eliminate voids. Actual strength required is 
determined by design, but 2,500 psi at 28 days is typical. 

7. When strength permits, the panel is lifted out. Tiltup tables allow 
earlier removal than is possible by lifting, but the average time is one hour. 

8‘. The joint strips are removed in about two to three days. 

9. The panel is cured for about 28 days. 

10. After curing (or after erection), the joints are pointed with mortar of 
the desired color. 
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The casting of panels can be accomplished at a site near the building if 
esired, and structural or attachment members may be cast integrally with 
the panel. Maximum practical size of panels is 30 sq ft. 

PROPERTIES 

Some of the typical properties of ceramic veneer are listed in Table 7 8 

Some of the properties developed in panels made by the process just out¬ 
lined are as follows: 1 

Density. The weight of wall panels made by the process described 
will fall between 32 and 34 psf for 3-in. panels. 

Strength. By varying the concrete mix, the panel can be given any 
practical compressive strength. Other panel strength factors may be varied 
by the amount and type of reinforcement used and by panel thickness. Shear 
strength between the ceramic veneer units and the backing averages by 

est between 2% and 4 times the values specified by codes (138 to 174 nsi 
as opposed to 50 psi). ^ ’ 

Thermal properties. The coefficient of expansion for ceramic veneer 
( X 10 m per in. per deg F) is usually slightly less than that of the con¬ 
crete to which it is attached. Variation of the temperature of the concrete is 
assumed to be less than that of the facing exposed to the weather. Thus the 
coefficient for the ceramic veneer is usually taken as the value for the entire 
panel in the calculation of clearances for joints and the like. 

Preliminary tests show that 3-in. thick panels (approximately 1 in. of 
ceramic veneer and 2 in. of concrete) fabricated as described above have a 


TABLE 7.8 PROPERTIES OF CERAMIC VENEER FOR CURTAIN WALLS 


Shear strength between ceramic veneer and 

concrete backing, psi 

Coefficient of thermal expansion, in. per in. 

per deg F X 10“ 6 
Water absorption 
Maximum sizes of units, 2 in. 

Tolerances, maximum face distortion, in. 
12 X 16 X 3 /s 
Other sizes to 1 sq ft 
to 2 sq ft 
to 3.75 sq ft 

Tolerances, maximum size, in. 


138-174 1 
4.0 

Highly impervious 
3.75 sq ft 

Ke 

Vie 

Vs 

Vie 

Vie 


1 Codes require 50 psi. 

2 Usual standard siies: 18 X 30 (or 20 X 27) by 1% (or 1M); also 12 X 16 X 
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fire resistance of over 1% hours. The same panel with 1 in. of vermiculite 
plaster has from 3 to 4 hours resistance. 

For the 3-in. panel described, the U factor is approximately 0.59. The 
addition of 1 in. of vermiculite plaster lowers the factor to 0.35. 

Acoustical properties. Based only on the weight of the wall, the 3-in. 
panel weighing about 32 psf would have a sound reduction of approximately 
42 db. 


DURABILITY 

The surface of ceramic veneer is highly impervious to moisture and 
weathering. Many installations in California and the Pacific Northwest have 
withstood extreme weather conditions, freeze-thaw cycles, and earthquakes 
since their erection in the nineteen thirties. It has been found that the joint 
is the critical element; proper sealing of the joint will prevent damage. 
Gaskets or Thiokol-type sealers deserve consideration for this purpose. 
Another factor that must be carefully controlled is the formation of voids 
behind the facings. 

APPEARANCE 

Color. In theory the possibilities of color on ceramic veneer are virtu¬ 
ally unlimited. Colors are produced by minerals and metallic oxides; these 
are prepared as slips, sprayed or brushed on the surface, and fired. In addi¬ 
tion to single colors, mottled effects (two or more colors blended) and 
polychrome effects (two or more colors applied on specific areas) may be 
obtained. Also available are low-temperature glazes with gold, silver, 
orange, and vermilion hues. It should be remembered that ceramic glazes 
are not adaptable to exact color matching; therefore, there will be some vari¬ 
ation in colors between units. 

Finishing. Ceramic veneer units are furnished with three degrees of 
gloss: (1) Matte, or unglazed—very low reflectivity, (2) satin—medium re¬ 
flectivity, and (3) gloss-high reflectivity. The following standard textures 
are available: 

1. Smooth—Similar to smooth-glazed or unglazed terra cotta 

2. Roughened (fine)—A fine over-all pattern 

3. Roughened (coarse)—Similar to No. 2, but rougher 
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Fig. 7.23 Appearance of ceramic veneer panels 


4. Tooled (fine)—Shallow unidirectional striations 

5. Tooled (coarse)—Deeper unidirectional striations. 

Other variations of texture are available on special order. Relief or incised 
designs may be made in the face of ceramic veneer, offering opportunities 
for ornamental use of the material. It may also be fluted, reeded, or beveled. 

Some idea of the appearance of ceramic veneer can be obtained from Fie 
7.23. 


CLEANING AND PROTECTION 

The cleaning of ceramic veneer panels after fabrication consists of care¬ 
fully removing excess grout from the joints with a cloth or brush. No metal 
tools should be used. After completion of the wall, the entire panel should 
be washed with clear water, and excess mortar removed with wood or plastic 
tools. No abrasive cleaning compounds should be used. 

USE OF CERAMIC VENEER IN CURTAIN WALLS 

Ceramic veneer is used as a facing for concrete panels in curtain wall 
applications (Fig. 7.24). Other functions, such as solar shielding, however, 
might be accomplished with this or similar burned-clay materials. 
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DESIGN CONSIDERATIONS 


1. As a facing material, ceramic veneer ranges in cost from moderate to 
high. Costs of unglazed types are less than those of glazed types. Single¬ 
color glazes that can be fired simultaneously with the base are the least 
expensive glazes. Monochrome glazes requiring a separate firing are more 
expensive. Of the single colors, scarlets and metallic hues are the highest 
in cost. Polychrome glazes are very expensive. 

2. Precautions must be taken to protect joints against alternate freeze- 
thaw cycles, which present the biggest weathering threat to the materials. 

3. Ceramic veneer offers the curtain wall designer a material possessing 
all the desirable characteristics of ceramics. Panels are moderately expensive 
and come in much larger sizes than those available in other burned-clay 
products. 

4. A full range of color, a variety of standard textures, and the possibility 
of many custom textures are available to the curtain wall designer. 

5. The cei amic-veneer-faced panels currently fabricated are quite heavy. 
Their practicality in handling and erection is thus limited. A typical curtain 
wall unit may weigh five times as much as a metal unit covering the same 
area. 



Fig. 7.24 Ceramic veneer curtain, sections (Methodist Hospital, Arcadia, Calif.) 
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6. Today s ceramic-veneer-faced panels possess a somewhat low U factor, 
and the lightweight concrete used with them may often be too soft for in¬ 
terior exposure without protection. 

7. Fire ratings to meet all code requirements should be easily attainable. 

8. Many apparent liabilities of present panels could be overcome by re¬ 
designing the concrete base panels. 

9. The manufacturers should be consulted for specific information. 

SPECIFICATIONS 

In specifying ceramic veneer panels for curtain wall use (in addition to 
specifications for the materials of the concrete base), the designer should call 
for the following qualities: 

1. Unit sizes 

2. Finish (matte, or unglazed; satin, or gloss) 

3. Textures 

4. Colors 

5. Special treatments (if applicable) 

6. Fastening 

7. Treatment of joints 

8. Shop drawings 

9. Protection. 

A suggested specification for a complete curtain wall may be found in 
Chap. 9. Standard specifications are listed in Appendix D. 


BURNED-CLAY PRODUCTS: CERAMIC TILE 


Ceramic tile, which is made of clay, feldspar, and flint, is classified accord¬ 
ing to the porosity of its body (determined by the basic ingredients, their 
pioportions and quality). The classifications are as follows: 

1. Porous (earthenware), which is burned at about 1,740° F and absorbs 
water readily 

2. Semi-vitreous, with properties between the two extremes 
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3. Vitreous (stoneware, porcelain tile, and china), which is burned at 
about 2,600° F and is nonabsorbent. 

Ceramic tile is used in contemporary curtain walls as a facing for panels 
of several types (Fig. 7.25). 

TYPES AND SIZES OF CERAMIC TILE 

The main types of ceramic tile are as follows: 

1. Unglazed—The color is homogeneous and depends on the kind of clay 
and the addition of oxides. Some of the clays can be burned to complete 
vitrifaction to produce vitreous tile; others only partially vitrify, resulting in 
semi-vitreous tile. The only practical difference between the two is in the 
colois, the vitieous tile being available in white, creams, light grays, greens, 
blues, and pinks whereas the semi-vitreous comes in buffs, salmons, grays, 

Fig. 7.25 Ceramic tile curtain wall (Milwaukee Country Day School, Milwaukee, Wis.) 
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reds chocolate, and black. Some mottled colors called granites can also be 
produced. Tiles are usually % in. thick and may be obtained in a variety 
of shapes (such as squares, oblongs, octagons, and hexagons) and in many 
sizes. Numerous patterns may be obtained with the use of adhering paper 

oI100lS. 

2. Glazed—The same as unglazed tile but produced in two firings, with a 
glaze of feldspar, silica, and metallic oxides burned on in the second firing. 
Color is on the surface only. Three variations of glaze are produced (bright, 
semi-matte, and matte), and a wide range of color is available. Shapes are 
usually squares and oblongs, and the sizes ordinarily range from % in. thick 

a 21/ l in ; f qUare t0 12 in- Square - Various special types include encaustic 
tile, which has an inlaid figure or ornament on a field of a different color, and 

faience, a type with an uneven surface produced by the plastic method! 

Grades of tile. Tile is graded as selected, standard, and commercial 

gia es oi white-glazed tile and as selected and commercial grades for 
colored tile. 


APPEARANCE 

Although unglazed tiles have colors that permeate the entire body (and 
therefore do not change color because of wear or ordinary weathering), 
glazed tiles have only a thin coating of color. For this reason, glazing is a 

ng i y important part of tile making; it must be subjected to close and 
highly t0chnical controls. 

Glazes are of two main types: (1) Crystalline, which is composed of crys¬ 
tal-forming ingredients (such as zinc silicate or manganese oxide), producing 
g ossy finishes; and (2) matte, which has smaller crystal-forming character- 
istics because of the increased alumina, barium, or zinc content. Light is 
diffused by the smaller crystals. 

The glazes are mixed in ball mills after being carefully measured. Samples 
are taken, sprayed on tile, and burned for checking. The final color can be 
determined only in this way, since the glazes themselves do not have the 
same color before firing as afterward. The test samples are checked in the 

laboratory for colors, textures, and coating quality in comparison with 
standard tile. 

The viscosity of the glaze is important; the wrong degree of viscosity may 
result in a glaze that is too thick or too thin, and eventually in poor firing 
The glazes are usually applied to the tile by spraying machines or electro- 
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a. Sample panels 


b. Wiley School , Utica, Mich. 


Fig. 7.26 Appearance of ceramic tile panels 
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statically, but sometimes by hand spraying, dipping, or brushing. After 
glazing, the pieces are fired. 

Some glazes fire at the same temperature as the body and may therefore 
be fired at the same time. The result is a single-fired type of tile. Most glazes 
must be fired at lower temperatures than the body, necessitating two firings. 
Filing is closely controlled, since excess heat causes darkening, lightening, 
or burning out of the colorant; too little heat may result in an imperfect 
glaze. Theoretically, any color may be reproduced, but only a limited num¬ 
ber are actually fired. Colors and textures cannot be maintained with ex¬ 
treme accuracy; the curtain wall designer should recognize this limitation 
and turn it to his advantage. 

The possibilities for almost unlimited color and the large number of sizes 
and great variety for textures available make ceramic-tile-faced panels ex¬ 
tremely flexible in appearance (Fig. 7.26). 


PROPERTIES 

At the present time, ceramic-tile-faced panels are available in two forms: 
(1) Adhered to the face of aluminum or galvanized metal panels, and (2) cast 
on the face of concrete panels in a manner similar to that of ceramic-veneer- 
faced concrete panels. 

Such properties of ceramic tile as wide-ranging color and texture and re¬ 
sistance to weathering and abrasion are well known. Only a few properties 
of the material, apart from those of the panels to which it is applied (Table 
7.9), are of importance to the curtain wall designer. The most important of 
these is the ability of particular types to withstand alternate freeze-thaw 
cycles. In this respect, ceramic tile is similar to other ceramic materials and 
to stone. Some ceramic tiles, because of their relative porosity and other 
factors, are not suitable for use on exteriors subject to freezing. Care should 
be taken to insure that materials chosen are certified for exterior use in the 
geographic region of the building. 

Anothei factor affecting the weatherability of ceramic-tile-faced panels is 
the type of adhesive used to mount the tile to metal panels. Only organic 
types that meet the standards of Department of Commerce Standard No. 
181-52 and have been thoroughly tested are recommended. A third im¬ 
portant consideration is the choice of grout used for pointing the joints. 
Tests of typical panels have been made by the University of Pennsylvania 
Depaitment of Engineering Research. These tests consisted of putting the 
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panels through sixteen 24-lir cycles. Each cycle consisted of three hot phases 
to 150° F maximum for 18 hr and one cold phase of 0° F minimum. Other 
simulated building conditions were produced by water sprays and air 
pressure. Tests were conducted on six similar panels of aluminum faced with 
ceramic tile, with a different grout used in the joints of each panel. 

Test results showed conclusively that the type of grout used is of utmost 
importance. Some types cracked and failed; others stood up very well. The 
tile itself and its adhesion to the panel were scarcely affected. On the basis 
of these tests, the recommended grouts in the order of their durability are: 
(1) Latex grout designed particularly for this purpose, and (2) styvene-buta- 
diene-latex formulations mixed with various other materials, such as water, 
white Portland cement, silica flour, or sand. Standard grouts prepared for 
use with ceramic tile in applications other than curtain walls appear to be 
unsuitable. 


FABRICATION OF CERAMIC THE PANELS 

Ceramic-tile-faced curtain walls now available utilize panels manufac¬ 
tured by three methods: 

1. Lightweight concrete panels, the concrete precast with foamed plastic 
insulating core, and the tile adhered with latex and cast integrally (Fig. 
7.27). 

2. Metal panels, brake-formed from aluminum utility sheet, mechanically 
connected, and containing insulating cores of foamed plastic or glass. 

3. Metal panels, of aluminum sheet or galvanized metal laminated under 
heat and pressure to cores of aluminum or paper honeycomb. 

Ceramic tile is adhered to the surface of the metal panels (2 and 3) with 
organic adhesives. The concrete panels are produced in a manner similar 



Fig. 7.27 Typical ceramic tile on concrete curtain wall, horizontal section 
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TABLE 7.9 


5c^* R »S TERISTICS OF commercially AVAILABLE 
CERAMIC-TILE-FACED CURTAIN WALL PANELS 


Tile furnished in standard sizes (1 x 1 in 1 - o : n __ i o o • \ i , 

s&irar - - -* - — - 


Type of panel 


Insulation 
or core 


U factor 


Weight 

psf 


Sizes, in. 


Monolithic concrete 
(lightweight) 


Aluminum 

(0.032-in., % hard 
utility sheet) 


Aluminum 

(same as above) 


Aluminum 

(same as above, 
or 22-gage G.l. 
sheet) 


W (max) L(max) T 


Polystyrene 

foam 


Polystyrene 

foam 


Foamed glass 


Paper 

honeycomb 


0.28 

0.20 

0.17 

0.14 

0.12 

0.20 

0.15 

0.11 

0.09 

0.08 

0.22 

0.18 

0.13 

0.11 

0.27 

0.22 

0.19 

0.18 

0.17 


8.0 

8.4 

8.7 
9.0 

9.3 

6.6 

6.6 

6.7 

6.7 

6.8 

7.0 

7.2 

7.4 
7.6 

5.4 

5.5 

5.5 

5.6 
5.6 


60 X 144 


60 X 144 


60 X 144 


60 X 144 


l 3 /4 

2 y 4 

2 % 

3 % 

3% 

1 % 

1 % 

2 % 

2 % 

3% 

1 % 

2 % 

2 % 

3% 

1 % 

l 7 /s 

2% 

2 % 

3% 


to that used for ordinary concrete panels. The brake-formed metal panels 
be madT d aluminum in the sa ™ way any aluminum panel would 

Other insulating materials may be substituted for the ones named. Ce- 
rarmc tile facings may be had on both exterior and interior sides of the panels. 
Tile is furnished unglazed or glazed, in standard solid colors and patterns 
and in several standard small sizes. Custom patterns, large tile sizes, special 
co ors, and variations of the panel construction may be obtained. Standard 
grouts are white and dark gray, but other colors are available. See Table 7 9 
for typical properties of the panels, sizes, and other information 


CLEANING AND PROTECTION 

Protection of ceramic-tile-faced panels parallels that for other curtain wall 
components and for tile generally. Special precautions should be taken to 
insure that the tile facing is not endangered by loads on the corners or 
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heavy impact loads on the face. Cleaning of the completed panels ordi¬ 
narily consists of wiping the joints clean after grouting, and washing the 
entire face with clear water and (if necessary) mild soap. Acids or abrasives 
should not be used for the cleaning of ceramic tile. 

DESIGN CONSIDERATIONS 

In evaluating the suitability of ceramic tile for his purposes, the curtain 
wall designer should consider the following facts: 

1. Costs of ceramic-tile-faced panels range from moderate to high, de¬ 
pending on the type of panel chosen and the range and types of color, tex¬ 
ture, and pattern used. 

2. Ceramic tile facings are highly durable and weather-resistant if tile 
recommended for this use is employed, if the adhesive has the necessary 
weathering qualities, and if the grout used is a type recommended for the 
purpose. 

3. A full color range and great variety of texture and pattern are attain¬ 
able. 

4. Panels are available with various strengths, U factors, cost, and the like. 

5. All tile used should meet the standards of U.S. Department of Com¬ 
merce Simplified Practice Recommendation R-61 or Federal Specification 
No. SS-T-308. 

6. The manufacturer’s Master Grade Certificate should be required. 

7. When applicable, all setting of tile should be in accordance with The 
Tile Handbook or Thin Setting Bed Methods and Materials, both pub¬ 
lished by the Tile Council of America. 

8. Tile for exterior use should have proven weatherability (tested by the 
Soss Standard Weather Test for density and body strength). 

9. Ceramic tile with imperfections such as pinholes, flaws, cracks, and 
chips, should be rejected. 

10. Minor variations of color and texture, which are inherent character¬ 
istics of ceramic tile, should be exploited. The designer should not expect 
perfect color matching. 

11. Consultation with the manufacturers is recommended. 

SPECIFICATIONS 

In addition to the material requirements of the panel base, the designer 
using ceramic tile in curtain walls should specify the following: 
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1- Type of ceramic tile 

2. Unit sizes 

3. Finish (bright glaze, semi-matte, matte, or unglazed) 

4. Colors 

5. Patterns (if applicable) 

6. Adhesion to panels 

7. Grout, including colors, and treatment of joints 

8. Certification of frostproof qualities of tile and Master Grade Certificate 

9. Shop drawings 

10. Protection. 

A suggested specification for complete curtain walls is to be found in 
Chap. 9. Standard specifications are listed in Appendix D. 


BURNED-CLAY PRODUCTS: CLAY MASONRY SUN CONTROLS 


Clay masonry sun controls are often used with curtain walls (Fig. 7.28). 
Many ordinary burned-clay products can be adapted for this purpose the 
least expensive being common flue tile (square, rectangular, or round), round 
dram tile, and hexagonal conduit tile. These tiles are available in various 


TABLE 7.10 SIZES OF CLAY MASONRY SOLAR SCREEN UNITS 

Rou "d octagonal shapes or, available in sizes similar to those given. 


Shape 


Square 


Rectangular 


Nominal sizes, in. 1 


H 


8 

8 


W 


8 

8 


6 

8 


8 

8 

12 

12 

12 

6 

12 

12 

8 

12 

12 

12 

4 

8 

6 

4 

8 

8 

4 

8 

12 

8 

12 

6 

8 

12 

8 

8 

12 

12 


Shell thickness, t, 
in. 


% 

% 

% 

Vs 

Vs 

Vs 

% 

% 

% 

% 

3 A 

% 


Approximate 
weight of wall, 
psf 


30 

40 

60 

25 

33 

50 

40 

54 

80 

30 

40 

60 


1 Ac,ual sizes % *o Vz in. less than nominal. 

















Mil!* 


B 
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sizes and shell thicknesses and can be cut to the lengths required. For sun 
control, they are usually laid outside the wall with their cells horizontal. 

Similar standard burned-clay products are now being produced especially 
for sun shielding. The new products may be obtained in colors, sizes, and 
conformations not otherwise available. Typical sizes available in standard 
units are given in Table 7.10. Custom shields of architectural terra cotta 
peimit original ornamental design to complement the function of solar 
screening. The possibilities for different shapes are virtually limitless. 

Design for sun control using burned-clay products is quite similar to that 


a. 


Fig. 7.28 Clay masonry sun shields (Pan American 

View of exterior 


Motel, New Orleans, La.) 

b. Close-up of interior 
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TABLE 7.11 PHYSICAL PROPERTIES OF CLAY MASONRY 
SOLAR SCREEN UNITS 


Raw materials 

Units shall be made of surface clay, shale, fire clay, or mix¬ 
tures thereof. 

Finish 

Exposed ends shall be unscored and reasonably free from 
cracks, chips, surface roughness, and other defects de¬ 
tracting from appearance of the wall when viewed from 
distance of 20 ft. 

Maximum water absorption 
(after 1 hr boiling) 

Average of 5 units: 9-16 per cent 

Dimensional variation 

Maximum variation plus or minus from specified dimension 
in width, W; height, H; or depth, D: 3 per cent 

The shell thickness, f, shall be not less than % 6 in. under 
nor more than % in. over the specified dimension given 
in Table 7.10. 


for other shielding devices. However, closer year-round control is often pos¬ 
sible because of the short distances between the face shells, the low reflec¬ 
tivity attainable (Table 7.7), and the combination of horizontal and vertical 
shielding achieved. Typical physical properties and other information on the 
standard products are given in Table 7.11. 








chapter 8 The Materials: Composite 
Panels and Organic Coatings 


ie three major components of a typical curtain wall assembly are the 
frame, the facing, and the glazing. Required or optional secondary compo¬ 
nents include fasteners to the building, insulation, moisture barriers, solar 
devices, and joint sealers. 


COMPOSITE PANELS 


One of the major components, the facing (Fig. 8.1), is often arranged with 
certain secondary components-such as insulation and vapor barriers-into 
an assembly called a composite (or “sandwich”) panel. In other installations, 
ie acmg is used in its simplest form as a single layer of metal or other 
material (sometimes known as a “skin panel”) that is inserted or otherwise 
attached to the building or curtain wall frame. Standard single-layer panels 
esigned especially for use in industrial curtain walls are schematically 
represented in Fig. 8.2. Standard skin panels designed for use in other types 
of buildings are represented in Fig. 8.3. Nothing but a limited budget would 
prevent tins second group of panels from also being used for industrial build¬ 
ings. ie first group is sometimes employed for nonindustrial buildings 
moreover often with considerable savings in cost and time. And standard 
skin panels are often combined with other materials to form composite types 
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THE MATERIALS: COMPOSITE PANELS 


The single-layer panels shown are generally available in aluminum, stain¬ 
less steel, carbon steel, porcelain-enameled metals, and copper alloys. Many 
other conformations employing these and other materials may be obtained. 
Skin panels with both faces exposed serve as a single-layer material forming 
the exterior and interior of a wall. Because of temperature, moisture re¬ 
sistance, and other requirements, the skin facings are usually backed up by 
insulation, fireproofing, vapor barriers, interior facings, and the like—in¬ 
stalled on the interior side of the wall. 

The practice of using single-faced panels in curtain walls was quite 
prevalent in the early days of development and is still widespread. However, 



Fig. 8.1 The facing (RCA buildings, Camden, N.J.) 


more satisfactory solutions to the problems of panel design can often be 
achieved by assembling the panels as sandwiches composed of exterior and 
interior facings of various materials, with insulation, airspaces, vapor bar¬ 
riers, and the like between the faces. The manufacture, uses, and properties 
of the various materials used for single-faced panels are discussed else¬ 
where in the book. 
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Fig. 8.2 Industrial skin panel types 


All composite panels have at least one thing in common-they are fabri¬ 
cated from two or more materials into a single assembly, which is then 
attached to the building or to the curtain wall frame. Two main types are 
produced, classified by the method of assembly: (1) Mechanical panels, held 
together by screws or other mechanical fasteners, and (2) laminated panels, 
held together with adhesives. Typical mechanically connected panels are 




































shown in Fig. 8.4 (industrial types) and Fig. 8.5 (general types). Laminated 
panels are shown in Fig. 8.6. 

Almost any metal and a great number of other materials may be used for 
composite panel facings. Cores may be made of any of a myriad of materials 
possessing a wide range of thermal properties; vapor barriers of various 
sorts may be employed; faces may be colored, textured, or finished by any 
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Fig. 8.4 Mechanically fastened industrial panels 
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Fig. 8.5 Mechanically fastened standard panels 
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Fig. 8.6 Laminated standard panels 
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method available for single sheets. The panels may be fastened, erected, 
and assembled by various methods. They can also be obtained in many sizes. 

In one other important respect the composite panels are alike. When in¬ 
stalled in curtain walls they look exactly like single-faced panels, except that 
the laminated types generally show much less face distortion and waviness. 

REQUIREMENTS FOR COMPOSITE PANELS 

In general, the requirements for satisfactory composite panels are ade¬ 
quate strength, resistance to weather and corrosion, suitable thermal in¬ 
sulation, control of condensation, sufficient sound isolation, durability, the 
necessary degree of fire resistance, availability of the required sizes and ap¬ 
pearance, and costs that are within normal curtain wall budgets. All these 
qualities may be obtained in panels now on the market, but they vary radi¬ 
cally with different designs. It is very difficult to achieve all of them in one 
panel. 


FACINGS 

Facings for composite panels are designed by the same principles dis¬ 
cussed in previous chapters. They are usually subject to the same limitations 
on fabrication, weight, and the like. With a few exceptions, they have the 
same advantages and disadvantages as other facings. 

Glass is the only important facing material that seems to be wholly un¬ 
suitable for laminated panels. In a limited way, however, double glazing 
might be considered a type of lamination, since sheets of glass are held 
parallel to each other with metal seals or similar devices. Some facing ma¬ 
terials, such as porcelain enamel on steel, are greatly improved by lamina¬ 
tion to strong cores, which help to hold the material flat. To a lesser extent, 
other metals are also kept flat by lamination. The importance of the flatten- 
ing process varies with the metals used. Some strong, stretcher-leveled sheets 
and extrusions are quite flat as produced, whereas others tend to exhibit 
considerable waviness and distortion. Lamination of such materials as stone 
and ceramic veneer has no effect on flatness; usually its only purpose is con¬ 
venience in fabrication. Any of the available facing materials may be used 
for the production of mechanically connected panels, but mechanical con¬ 
nection is of little value for facings of plastics, concrete, ceramic veneer, and 
similar products because of their inherent properties. Generally, mechanical 
panels are fabricated of metal. 
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CORES (INSULATION) 

Cores for composite panels may serve diverse functions, but the most im¬ 
portant one is usually that of insulation. In some panels the core is used 
primarily for strengthening and straightening the face and its insulating 
qualities are negligible. But panels with such cores are in the minority. In 
mechanical panels the only major function of the core is insulation (Fig. 8.4 
and 8.5), but in laminated types (Fig. 8.6) the core must perform another 
important task, that of supporting the panel faces structurally. The strength 
and rigidity requirements of cores for mechanical panels are only those 
necessary for the prevention of collapse or other destruction of the core it¬ 
self. They share no function with the facing. In laminated panels, core 
stiengths ordinarily must be such that the core not only supports itself to a 
fail degree but also works with the facing as a true composite material, 
helping to resist compressive and other stresses imposed on the panel. 

The general characteristics of cores and criteria for their selection were 
discussed in Chap. 3. Some laminated panels on the market do not have 
cores in the accepted sense of the word. An example may be seen in Chap. 6 
(Fig. 6.30) which shows a plastic-faced panel laminated to a grid of extruded 
aluminum sections. Although almost all the cores listed in Chap. 3 (see Table 
3.2) have been used in curtain wall panels, an examination of their proper¬ 
ties will show that certain types are in many ways superior. 

The earliest core for laminated panels appears to have been the fiber 
boaid type. With sheets of asbestos-cement board adhered to both sides, it 
first appeared on the market in the early nineteen-thirties (Fig. 8.6a). Now 
manufactured by several firms, the asbestos-cement fiber board panel is ex¬ 
tensively used both as a curtain wall panel in its own right and as a sand¬ 
wich to which other facings may be adhered. This type of panel is popular 
as a low-cost curtain wall for residences (Fig. 8.7). Other low-cost cores are 
lightweight concrete, ordinary asbestos-cement board (for very thin walls 
with low insulation requirements), and cemented wood-fiber board. Per¬ 
haps the most widely used core of all is glass fiber. It is inexpensive, pos¬ 
sesses desirable characteristics, and is readily obtainable everywhere. It lacks 
sufficient strength for use in laminated panels but probably fills more me¬ 
chanical panels than any other insulation. 

The most promising future materials for cores for laminated panels are the 
plastic foams and the honeycombs, usually made of paper or aluminum but 
also produced in stainless steel (mostly for use in aircraft), plastic-impreg¬ 
nated glass, and other fibers. Both foams and honeycombs have already been 
used extensively, and their use will probably increase rapidly in the future. 
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PIASTIC FOAMS 


Foamed glass has been on the market for some time, but the plastic foams 
have made a relatively late appearance in curtain walls. Whereas all foamed 
glass is produced by a process of expansion by air pressure, the plastic foams 
can be made by one of three processes: 

1. Mechanical whipping, allowing air to enter and form bubbles 

2. Chemical reactions, in which some of the ingredients give off steam or 
gas that is then trapped within the material 

3. The addition to the plastic of chemical blowing agents. 

Geneially more rigid than the foamed plastics, foamed glass is an incom¬ 
bustible, highly rigid, strong, and inert inorganic material. Foamed plastics, 
on the other hand, are not restricted to the small sizes necessary in foamed 
glass sheets, are available in countless formulations possessing a wide range 
of properties, and may easily be foamed in any shape desired. As plastics, 
they possess all of the inherent advantages and limitations of their basic 
compounds. In addition, they are extremely lightweight, are capable of very 
high insulation values, and can often be foamed directly in place (within 
a panel, for example, where they would take the shape of the inside of the 
panel). 


Fig. 8.7 Residential fiber-board 
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Fig. 8.8 Types of foamed plastics 



For the production of foamed plastics, at least two materials are required, 
the basic plastic material or resin and a medium for foaming it. Almost all 
of the families of plastics may be foamed, though with varying success. Some 
processes are necessarily performed by the plastics manufacturer or pro¬ 
ducer, but others, simpler in nature and requiring fewer controls, could con¬ 
ceivably be executed by the panel fabricator. Three types of foams (classi¬ 
fied by the structure of the contained bubbles or cells) are available: 

1. Closed-cell foams, which contain a series of closed cells separated from 
each other by solid material (an example is polystyrene foam, the type most 
commonly used in architectural work) 

2. Open-cell foams, in which the cells are interconnected (the common 
form of foam rubber; several plastics may be foamed in this manner) 

3. Syntactic foams, containing spherical cells of various materials sus¬ 
pended in a resinous binder (the newest and most expensive type; it also 
has the highest strength-weight ratio) 

The structures of the three types of foams are shown diagrammatically in 
Fig. 8.8. 

The closed-cell foams are the only types generally available at the present 
time that possess enough strength, rigidity, moisture resistance, and the 
othei necessary properties for use in laminated curtain wall panels. Poly¬ 
styrene foam, discovered in the early nineteen-twenties in Sweden and pro¬ 
duced in the United States since 1942, is the type ordinarily specified (Fig. 
8.6k). Available only in board form, it is reasonably low in price but cannot 
be foamed in place. Other closed-cell types may warrant examination for 
special properties and will undoubtedly come into wider use as increased 
production brings reductions in costs. 
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Foam 
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Polyvinyl 
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acetate 

Epoxy 

Urea 

Polyethylene 

Alkyd 


1 Symbol "x" indicates available characteristics. 

2 A—superior; B—excellent; C—good; D—fair. 
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Open-cell foams are used mainly for their cushioning and shock-absorbing 
characteristics, which are comparable to those of foam rubber in many plas¬ 
tic types. A few open-cell foams have good insulating qualities and might 
be considered for use in mechanical panels that do not depend on the 
strength of the core for added stability. Phenolic foams, an open-cell type 
discovered in 1909, were the first plastic foams. Along with the vinyls, the 
polyurethane types and the phenolics seem to hold the most promise for 
insulation in curtain walls. These materials might also be used to seal joints 
between components of the wall and (since they are usually highly sound- 
absorbent) joints where partitions abut the curtain wall. 

Syntactic foams are also promising materials for curtain walls. To some 
extent they are still experimental, but new developments should lead to types 
combining medium-to-high. insulating qualities with more than adequate 
strength for use as cores. 

Another potentially valuable property of foams is their heat sealing char- 
acteiistic, which allows some types to grow their own skins when treated 
with heat or other elements. This peculiarity, possessed by only a few foams, 
could lead to insulating materials with integral skins acting as vapor barriers, 
and even to panels of insulating material with weatherproof faces consisting 
of their own heat-sealed skins. Durable and waterproof, such panels would 
be homogeneous throughout, except for the variation in the density of the 
facing as compared to the core. The most important characteristics of the 
commonly used foams are given in Table 8.1. 


TABLE 8.1 PROPERTIES OF PLASTIC FOAMS —continued 


B Commercially Available Polystyrene Foams 


Thermal conductivity, Btu per sq ft per hr per deg F per in. 
Thermal expansion, in. per in. per deg F X 10-° 

Density, lb per cu ft 
Compressive yield strength, psi 
Tensile yield strength, psi 

Shear strength, psi 

Flexural strength, psi 

Modulus of elasticity, compression, psi 

Modulus of elasticity, bending, psi 

Modulus of rigidity, psi 

Vapor transmission (by volume), per cent 
Sizes available 
thicknesses, in. 
widths, in. 
lengths, ft 


0.25 
30-40 
1.6-2.3 
16-38 
45-95 

27-40 

42-99 

1,200-2,000 

1,000-1,760 

700-1,600 

0.03 

h 1%, 2, 2%,3,4 
12, 16 
3, 8,9 
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HONEYCOMB MATERIALS 

Two honeycomb materials are in general use as cores for laminated cur¬ 
tain wall panels: plastic-impregnated paper (Fig. 8.9 and 8.10) and alumi¬ 
num (Fig. 8.11 and 8.12). Stainless steel, plastic-impregnated fiber glass, and 
other types of honeycomb are produced, but they are too high in price to 
be of any real advantage in curtain walls. 

Honeycomb materials may be produced by several different processes 
and in various forms. In practice, aluminum and paper honeycombs usually 
take the form of interconnected hexagonal cells of several sizes. They are 
produced by quite similar methods involving the cutting of the sheet mate¬ 
rials to standard widths (the materials are often furnished by the original 
producers in correct widths), followed by machine application of straight 
parallel lines of thermosetting plastic adhesive to the surface. The width of 
the adhesive lines and the distance between them depends on the size cell 
being produced. After the adhesive is dry, the sheets are folded or cut, laid 
up in a pile and subjected to heat and sometimes pressure for the curing of 
the adhesive. The result is an unexpanded product bonded tightly together 
along the adhesive lines and unbonded between them. The paper honey¬ 
comb products for curtain wall use are then impregnated with a moisture- 
resistant resin, such as thermosetting phenol-formaldehyde, and cured with 
heat. Finally, the honeycombs are put into tension by various means and 
expanded to their final form. Paper types are sometimes furnished by the 
producers in unexpanded form, this process being done later in the fabri¬ 
cator’s shop. Thicknesses other than the production-line sizes are ordinarily 
produced by sawing to size before expanding. 

Both types of honeycomb materials are highly suitable for many panel 
core uses. They have the desirable properties of high strength-weight ratios; 
resistance to moisture, rot, and fungi; considerable dimensional stability 
when rigid faces are adhered to them; flexibility, which allows them to 
change dimensions with the facings as the temperature varies (in this re¬ 
spect, they act much like an accordion and seem to fail only if the laminating 
adhesive fails); and adequate resistance to the lowest temperatures to which 
curtain wall panels are subjected. Paper honeycomb is inexpensive, whereas 
aluminum is considerably higher in price than most other core materials. 
The resistance of the materials to elevated temperatures is adequate for 
most curtain wall applications. The biggest liability of the materials is their 
lack of insulating qualities, their only value in this respect being the creation 
of an airspace within the panel. Paper honeycomb is a somewhat better 
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insulator than aluminum, since the walls of the aluminum type allow a con* 
siderable amount of heat to be transferred through the panel by direct con¬ 
duction. 

In practice, the insulating qualities of panels with honeycomb cores can 
be improved when necessary by filling the cells with insulating fills of perlite 
or other materials. Plastic foams may be foamed within the panels for the 
same purpose. The honeycomb cores are usually fabricated into curtain wall 
panels by adhering the face materials of metal or plastic directly to the core, 
using thermosetting adhesives applied with heat and pressure (Fig. 8.6g). 
There is some reason to believe that metal faces with paper honeycomb 
achieve a stronger bond when a five-ply panel is used. In this type of panel, 
the honeycomb is faced on both sides with a material (such as pressed fiber- 
board or asbestos-cement board) that adheres more readily to the similar 
paper core material, and to which the metal faces are laminated (Fig. 8.6b). 
The ordinary metal-faced honeycomb panel is sometimes backed with an¬ 
other panel containing the insulating material (Fig. 8.6d). Another possible 
variation consists of adhering the honeycomb to a formed exterior facing 

panel with the back side left open for job application of interior finishes 
(Fig. 8.6h). 

The properties of honeycomb core materials have little meaning apart 
from the facings adhered to them. (Properties of panels with cores of this 
type will be found in Table 8.3.) 


ADHESIVES 

The adhesives chosen for the production of laminated panels are of the 
utmost importance. In mechanical panels, the adhesives are somewhat less 
important, since they usually serve only to hold the insulation inside the 

panel and have no structural functions. Some of the terms peculiar to ad¬ 
hesives are defined in Table 8.2. 

Assembly of parts by adhesion is one of the newer methods for the joining 
of curtain wall components. Long used for manufacturing plywood, adhe¬ 
sion methods were given impetus during World War II by the search under¬ 
taken at that time for new, strong, lightweight materials for airplanes. One 
of the most striking results of this research and development work was the 
RAF’s famed Mosquito bomber, in which plywood was used for the struc¬ 
ture, with molded plywood construction for the skin. Less well known is the 
fact that certain components of U.S. military aircraft (including some BT-15 








324 


trainers) were fabricated in a similar manner. Today the use of adhesion in 
the assembly of airplanes is no longer news. Almost all of the most advanced 
military types use sandwich panels for many of their components. Probably 
the ultimate use of this type of construction for airplanes is in the B-58 Hus¬ 
tler bomber. Sandwich construction with honeycomb cores is used for almost 
all of its primary structure. Weighing less than that of a similar riveted air¬ 
plane, the laminated structure of the Hustler possesses about four times the 
fatigue strength of the riveted type. 

Potentialities and limitations of adhesion. Adhesives have many ad¬ 
vantages for the construction of curtain wall panels, including the following: 

1. Process applicable to almost all materials 

2. Joining of dissimilar materials practical 

3. Variety of joining combinations possible 

4. Joining of extremely thin materials practical 

5. Strength adequate for most purposes 

6. Uniform stress distribution possible 

7. High fatigue strengths possible 

8. Drilling, punching, and similar operations on materials to be joined 
not necessary 

9. Process adaptable to modern production line methods 

10. Reduction in total weight of assemblies often possible 

11. Smoother external surfaces than those possible with other methods 

12. Production costs often lower. 

Of particular importance to the designer is the ability of adhesives to 
maintain flatness in the panel facings. 

The limitations of adhesives are the following: 

1. Bonds are ordinarily organic and therefore possess limited resistance 
to elevated temperatures. 

2. The bond is somewhat slow, even with quicksetting adhesives, com¬ 
pared to welding and other methods (which are, for all practical purposes, 
instantaneous). 

3. Certain adhesives are not very adaptable to even minor changes in 
production methods, heat and pressure required for activation, and other 
requirements imposed by their formulation. They exhibit a like sensitivity 
to any variation in the laminating materials. Consequently, formulation 
changes are often necessary. 
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The curtain wall designer should remember that there have been a num¬ 
ber of failures of laminated panels in the past. Many resulted from deficien¬ 
cies in the cores, but others were directly traceable to the adhesives. Use of 
the wrong adhesives, improper fabrication of the joint, careless workman- 
ship-all these factors can lead to deterioration of the glue line and the 
eventual destruction of the panel. At the present time, the only method for 
determining the value of a particular adhesive for a specific function is 
scrupulously testing it both separately and in the panel assembly. 

Principles of bonding. Actually, we do not know exactly how adhe- 
sives bond materials together. The process is still under study. However it 
can be safely assumed that some or all of the following things happen: 

1. Mechanical anchoring-The adhesive mechanically anchors the sur¬ 
faces together by penetrating the voids of porous materials, forming what 
nnght be called a friction bond. 

2. Fusion bonding-The adhesive partially dissolves the surfaces being 
joined and combines with the faces of the bonded materials, essentially 
causing a kind of flowing together of the materials of the surfaces into a 
somewhat homogeneous weld. 

3. Specific adhesion-The adhesive bonds materials that are neither po¬ 
rous to any extent nor soluble by the adhesive (for example, metals) for 
reasons unknown. The process is called specific adhesion because it seems to 
be a specific property of certain adhesives. 

Types of adhesives. The many adhesives on the market today may be 
classified by the major materials from which they are made. The important 
types are natural and synthetic rubbers (often called elastomers), synthetic 
resins (plastics), animal or fish glues, vegetable glues, natural resins and oils, 
and inorganic adhesives. The first two types (elastomers and plastics) are 
the only important classes for laminating panels. Although these two mate¬ 
rials are widely used for this purpose, it should be remembered that they 
also play other important roles in the curtain wall. Elastomers are used for 
gaskets and superior types of sealers, whereas the plastics may be employed 
for almost any curtain wall component. 

The synthetic resins or plastics are further classified into thermoplastic 
and thermosetting types. The former are capable of resoftening after setting- 
the latter are not. Both types, of course, may be destroyed by very high tem¬ 
peratures. A general discussion of plastic materials may be found in Chap. 6. 










TABLE 8.2 PROPERTIES OF ADHESIVES 
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Adhesives may be obtained in several physical forms. The most impor¬ 
tant of these forms are: (1) Solids (some in complete formulations, others 
to be mixed with solids or liquids), (2) liquids (complete in themselves or 
to be mixed with other materials), (3) dry films, and (4) dry tapes (usually 
reinforced with fibers). A sheet type similar to dry tapes has been formulated 
from epoxy resins, reinforced with glass fibers placed in specific patterns 
for strength. This sheet, in addition to being an adhesive, is qualified by its 
corrosion resistance, strength, lightness, color, and other desirable proper¬ 
ties for use as a facing. To put it another way, the sheets may be regarded 

as plastic facing materials that adhere themselves to cores when subjected 
to heat and pressure. 

The choice of the physical form of adhesive to be used in a given applica¬ 
tion depends mainly on fabrication processes available and on the formula¬ 
tion of the adhesives under consideration. 

Properties of adhesives. Almost infinite variations of properties may 
be obtained in adhesives. A great number of both synthetic and natural 
products lend themselves to the process; combinations of two or more of 
these may be made, producing new types with modified properties. The 
major properties and characteristics of many important adhesives may be 
found in Table 8.2. ' 

Adhesive testing. The importance of adequate testing of adhesives 
cannot be overemphasized. No other reliable means exists for scientific eval¬ 
uation of laminated panels or other curtain wall parts joined by adhesion. 
So many properties of adhesives are important that the testing of the prod¬ 
ucts becomes involved, time-consuming, and laborious. The curtain wall de¬ 
signer cannot afford, however, to accept inadequate testing for this or any 
other reason. Some appreciation of the gravity of the question maybe gained 
by a listing of tests considered necessary for the evaluation of adhesives- 
shear, shear after exposure, block shear, bending, beam bending or flexural 
strength, tensile strength, fatigue strength, creep and rupture, impact, peel¬ 
ing, and accelerated aging. Standard ASTM and other tests and specifica¬ 
tions are listed in Appendix D. The values for the properties tested must 
usually be obtained by testing assembled panels. However, some of the 
properties and characteristics of adhesives in their own right are important- 
these may be found in Table 8.2. 

Application of adhesives. Adhesives are applied by any of several 
methods, including brushing (hand or machine), spraying (similar to spray¬ 
ing of paint), rolling (application by hand rollers or production transfer roll- 








V 



Fig. 8.9 Spraying of adhesives on honeycomb core Fig. 8.10 Paper honeycomb core with metal facing 


ing), scraping (spreading with spatulas or similar tools), or extrusion in rib¬ 
bons (from collapsible tubes or guns). Adhesives for laminating curtain wall 
panels are ordinarily applied by production methods such as machine-spray¬ 
ing or rolling, but other methods are sometimes used. 

In Fig. 8.9 a paper honeycomb core is being coated with adhesive by 
hand spray. A sample panel is shown in Fig. 8.10 with one face partially re¬ 
moved to show the dry adhesive after completion of the lamination. A typi¬ 
cal untreated aluminum honeycomb is shown on the left in Fig. 8.11; on the 
right, the same material appears with adhesive applied. This picture illus¬ 
trates particularly well the spreading-out or beading that occurs in the ad¬ 
hesive when it is applied to honeycomb materials. The buildup of adhesive 
on the sides of the honeycomb cells accounts for much of the strength of 
the bond, since otherwise only the thin edge of the cells would be adhered 
to the facing. An aluminum honeycomb with a top facing in place on one 
half of the core is shown in Fig. 8.12. 

Activation of adhesives. Adhesives are activated and form their bonds 
in three main ways: (1) By loss of their contained solvents or water of emul¬ 
sion to the air while drying, (2) by being applied in a molten state and allowed 
to resolidify, and (3) by setting as the result of chemical action (polymeriza¬ 
tion) in a manner similar to the setting of concrete. Some air-drying types 
may be adhered more rapidly by application of heat, and many types pro¬ 
duce stronger and more even bonds when pressure is applied. 

Criteria for adhesives in curtain walls. The major requirements that 
should be met by any adhesive chosen for laminated curtain wall panels are 
the following: 

1. Durability-Must possess reasonably long life under conditions to be 
imposed 

2. Strength—Must be adequate for particular application 

3. Creep—Must be able to support sustained loads over long periods of 
time 

4. Flexibility—Must be able to move with the facings and core in expan¬ 
sion, contraction, and other motion, without rupture 
















Fig- 8.11 Aluminum honeycomb with applied adhesive 


Fig. 8.12 Aluminum honeycomb with metal facing 


5. Moisture resistance-Must have adequate resistance to effects of water 
including alternate wetting and drying 

6. Thermal properties-Must have good resistance to extremes of tem¬ 
perature, within limits to which the wall will be exposed 

7. Bond-Must impart good bond to materials to be laminated 

8. Application—Should be comparatively easy. 

An almost perfect adhesive would have all the characteristics listed, com- 
me wit i ong shelf and bench life, adequate wet strength, reasonable set- 
tmg time without the application of heat or pressure, and low cost. 

Selection of adhesives. The final selection of an adhesive for a specific 
purpose should be made on the basis of the following considerations: 

1. Function of joined parts 

2. Types of material to be joined 

3. Aieas of parts to be adhered 

4. Porosity of materials to be joined 

5. Water-resistance, heat-resistance, and similar properties required of 
the adhesive and the final product 

6. Method of adhesive application 

7. Temperature required for adhesion 

8. Pressure required for adhesion 

9. Adhesive color (possibly) and odor (some require protection for the 
applicator; others are simply nuisances) 

10. Cost of adhesive and process. 

PROPERTIES OF COMPOSITE PANELS 

The properties of composite panels are quite varied. Typical values for 
several common types are given in Table 8.3. A discussion of the functions 
that must be provided for in the designs of panels may be found in Chap 3 
Generally the composite panel is called upon to protect the interior of a 
building from inclement weather and other undesirable conditions 






TABLE 8.3 PROPERTIES OF PANELS 
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Although loads may be placed upon panels by movement of the building, 
expansion and contraction of the curtain wall and its components, by earth¬ 
quakes, and other causes, far and away the most important force to be re¬ 
sisted is wind loading. Many manufacturers, independent testing and re¬ 
search organizations, and universities have equipment for testing the effects 
of wind on complete wall assemblies and components. Values may also be 
ascertained for infiltration of air and for water leakage. Apparatus for this 
kind of testing ordinarily consists of stands or racks on which the parts are 
erected, fans for producing the desired wind pressures, water sources for 
wetting the wall, and instruments for taking the required readings. (See 
Chap. 9 for further discussion of these tests.) 

There is no adequate substitute for this type of testing, and no wall should 
be erected until it has undergone such examination. In no other way can 
the curtain wall designer determine with reasonable accuracy the qualifica¬ 
tions of a particular assembly or component. Allowable loads and total de¬ 
flections for a frequently used composite panel (asbestos-cement board with 
a fiber-board core) are given in Table 8.4. 

FAILURE OF LAMINATED PANELS 

Failures can take place either in the core or in the adhesive. If weak fac¬ 
ings are used, failure might also occur in them (an improbable event in com¬ 
monly used facings). Some of the types of failure that may occur in lam¬ 
inated panels are illustrated in Fig. 8.13. In 8.13a, the forces are illustrated 
that the panels are called upon to resist; in 8.13b, the core has failed because 
of inadequate tensile strength under a load applied on the end of the panel; 
in 8.13c, the core has failed in diagonal shear under a load applied on the 
face of the panel; 8.13d illustrates the failure of an end-loaded panel due to 


TABLE 8.4 WIND LOADING ON ASBESTOS-CEMENT FIBER BOARD PANELS 






Panel width , ft 






4 



5 


6 






Panel thickness , in. 





iy 8 

l 9 /l6 

2 


1%6 

2 

i%« 

2 

Allowable load, 
psf 

36 

54 

74 

25 

38 

57 

30 

39 

Deflection, in. 

0.07 

0.08 

0.08 

0.09 

0.08 

0.08 

0.09 

0.07 
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inadequate rigidity; 8.13e shows a failure of the core in shear perpendicular 
to the faces under end loading indicated; in 8.13f may be seen a failure in 
diagonal shear under end loading; 8.13g illustrates a failure by delamination 
due to inadequate bond strength, caused by a load perpendicular to the 
face; 8.13h shows delamination under end loading for the same reason 


FABRICATION OF MECHANICAL PANELS 

The fabrication of mechanical panels parallels in almost all respects the 
fabrication of all curtain wall components. After forming, mechanical panels 
are usually assembled with insulation adhered inside. Of ten the waterproofing 
gaskets for the sealing of the joints between the panels and their frame are 
attached to the panels. Exterior and interior facings are almost always fas¬ 
tened with screw fasteners, clips, or similar means. Frequently materials like 
lightweight concrete are poured into the exterior facing panel to impart 
rigidity and flatness to the facing. ^ 

Some mechanical panels, usually made up from standard single-sheet or 
skin faces, may be shipped to the job unassembled for site assembly and 
erection. In some cases, interior and exterior skins and the insulation are 
erected individually in the wall. The erection of a carbon steel frame with 
integral wmdow and screw-fastened mechanical panels is shown in Fig. 8.14. 
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FABRICATION OF LAMINATED PANELS 

The type of production line setup used for the manufacture of laminated 
panels varies according to the facing materials and the types of core to be 
laminated. More importantly, it varies according to the adhesive chosen. 
Some types require heat and some require pressure; some are more adapta¬ 
ble to rolling-on, others to spraying. The most efficient production line will 
be the one especially designed and laid out for the process employed and the 
materials used. A curtain wall composed of frames with inserted laminated 
panels is shown in Fig. 8.15. 


Fig. 8.14 Erecting mechanically fastened panels (Memorial Hospital 


DESIGN CONSIDERATIONS 


The most important considerations in using composite panels in contem¬ 
porary curtain walls have been listed in other sections of this book, but some 
are important enough to be repeated here. 

1. The joints are probably the most vexing and difficult problem. 

2. Panels should be designed for adequate strength (of cores, adhesives, 
and facings as well as of the entire assembly). 

3. Movement of assemblies and components must be allowed for. 

4. Adequate tolerances and clearances should be provided. 














5. Panels may be designed for almost any U value required. 

V ; conductance of metal extending through panels should be 
considered in calculations for heating and air-conditioning load 

7. Panels with formed edges are difficult to laminate properly, 

a Whenever possible, it is considered good practice to vent panels to the 

outside for moisture removal and air circulation. 

10 T? PO f ltant Pr ° P f tieS ° f panels are stiffness and coking strength, 
rate of h 7 °“ ^ Sid6S ° f kminated panels should W the same 
distortion ™ 6XPanS10n 3 StrengthS Sh ° uld be Similar to avoid 

11. Although lamination can flatten distorted or wavy panels the process 

may result overs,ressmg the bond because it causes fte^dbeLivl to S 

sho ,r; enCy fl ° f the facing t0 return to its ori g in al shape. Panel facings 
should be as flat as possible before lamination F g 

12. Paminating often permits the use of thinner gages of metal than 

would otherwise be possible. 5 * 7 * * * 11 12 

13 Nothing can take the place of adequate testing of the panel parts the 
complete panels, and the entire curtain wall assemblies, followed by intelli- 
gent interpretation of the data obtained. 
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ORGANIC COATINGS (PAINTS) 

Although the trend in curtain walls is toward materials that need little or 
no finishing 01 have finishes that are inherently part of the surface or inti¬ 
mately bonded to it, for many curtain wall applications there is no substitute 
foi the old standby, paint, or (as the paint companies and technicians like 
to put it) organic coatings. 

For genuinely low-cost curtain walls, porcelain enamels and other finishes 
of a permanent nature are too expensive for the exterior. This is where paints 
come in. Foi the interior, usually subject to frequent redecoration, paints 
have never fallen out of use. 

In selecting paints for curtain wall use, the designer has many possibili¬ 
ties to choose from. The number of organic coatings grows daily. Newer 
and better paints are being developed, but many improved types are already 
in use. Paint consists mainly of three components: (1) Pigment, the dry pow¬ 
dery particles that impart color and opacity; (2) vehicle-the nonvolatile 
bindei (which diies to hold the pigment and waterproof the surface) and 
the volatile thinner (which evaporates after allowing the paint to flow); 
and (3) the dryer, a catalyst for converting the paint to a solid. The big 
changes have been in the binders, which have come to be formulated largely 
from plastics. All of the basic plastics and many of their variations are being 
used. 

REQUIREMENTS FOR PAINT 

In considering paints for curtain wall use, the designer must establish 
criteria for the particular application. Appropriate colors, textures, amount 
of gloss, and finishes must be determined. Use requirements must be estab¬ 
lished, including such factors as: durability (life expectancy); materials to 
be covered; resistance to abrasion; hardness; heat resistance, if any; length 
of time of color and gloss retention; resistance to chemical corrosion; and 
budget. 

BINDERS 

The general characteristics of paints with plastic binders (classified by 
type of binder) are as follows: 

Phenolic resins. Good weatherability; easy application by conven¬ 
tional methods; rapid drying; relatively good chemical corrosion resistance; 
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relatively poor gloss retention. Has many desirable characteristics but is not 
tops m any. A good compromise choice. 

Vinyls. Among the best in durability, with high resistance to corn), 
sion, chemicals, and abrasion; good color and gloss retention; moderate-to- 

ow resistance to some solvents; thermoplastic; ordinarily requires spraying. 

J f° Xy ' Fine resistance *0 chemicals; good durability and hardness- 
moderate-to-low retention of gloss and color; lacking in resistance to hu¬ 
midity; application made difficult because of requirement for catalyst to 
promote rapid drying. J 

Alkyds Good gloss and color retention; good weathering ability tough- 
resists yellowing and ultraviolet light; resistant to abrasion and scouring! 

ometimes mixed with linseed oil for higher resistance to weathering and 
temperature. May be air-dried or baked at about 260° F for one hour. Rela¬ 
tively poor resistance to chemicals and solvents. Readily available as enam¬ 
els, wall paints, stains, and the like. 

Chlorinated rubber and styrene-butadiene. High in alkali resistance- 
low m resistance to some chemicals and solvents. Used for masonry. 

Urea-formaldehyde alkyds. Same as alkyds but modified by urea-for¬ 
maldehyde or melamine to shorten baking time. Require exact control of 
time and temperature of baking, since they do not air-dry to hard film. 

uoi carbon resins. Best chemical resistance of all organics. Very high 
m cost, they require baking. ^ ® 

Emulsions. Polyvinyl acetate emulsions are good for interiors and on 
exterior masonry and wood but have not been in service long enough for 
accurate appraisal. Acrylic and polystyrene emulsions are little better than 
latex paints, which are easier to clean up. 

Silicone resins. Still experimental; have high heat resistance and good 
cheimcal and corrosion resistance; good gloss and color retention; high cost. 

i ro-cellulose. Good durability, abrasion, and impact resistance- 
moderate resistance to chemicals and solvents; poor heat resistance. ’ 
course, the many types of paints using oil, latex, and other binders are 
i 1 USC J d for man 7 purposes, but it seems likely that most of these will be 
rep aced m time by plastic binder paints. Paints now being developed in¬ 
clude many copolymers for modification of the types listed. 


CHOICE OF COATING 


Once he has criteria for a particular application and data on the alterna- 
lives possible, the curtain wall designer will be able to select the most suit- 








TABLE 8.5 PROPERTIES OF ORGANIC COATINGS 

A—superior; B-excellen»; C-good; D-foir; E-not recommended. 


Coating 


Property 

Alkyd 

Urea- 

formal¬ 

dehyde 

alkyd 

Phenolic Silicone 

Epoxy 

Vinyl 

Chlori¬ 

nated 

rubber 

Fluoro¬ 

carbon 

Acrylic 

Nitro¬ 

cellulose 

Weatherability 

A 

A 

A 

A 

A 

A 

A 

A 



Resistance to 








A 

A 

A 

salt air 
Resistance to 

A 

C 

A 

A 

B 

A 

A 

A 

A 

A 

chemicals 

D 

C 

B 

c 

A 

A 

B 

A 

B 


Adhesion: 







A 

D 

ferrous metals 

A 

A 

A 

C 

A 

p 

p 

A 

B 

B 

Adhesion: non- 








A 

ferrous metals 
Abrasion 

D 

B 

A 

C 

A 

D 

D 

A 

B 

C 

resistance 

D 

B 

A 

D 

A 

A 

A 

A 

B 

B 

Hardness 

C 

A 

A 

C 

A 

C 

c 

A 

Q 

B 

A 

Flexibility 

A 

B 

C 

D 

C 

A 

D 

c 

A 

Impact resistance 

B 

A 

C 

C 

C 

A 

c 

A 

A 

A 

Color range 

A 

A 

C 

A 

B 

A 

A 

p 

A 


Color retention 

C 

B 

E 

A 

C 

B 

C 

C 

A 

A 

Initial gloss 

A 

A 

B 

A 

B 

C 

A 

D 

A 

A 

Gloss retention 
Average cover¬ 

A 

D 

D 

A 

D 

D 

D 

D 

A 

B 

age, 1 per 
sq ft per gal 

450 

450 

350 

350 

500 

200 

300 

200 

350 

200 

Drying 2 

1/2 

2 

1/2 

1,2 

1 

1,2 

1,2 

2 

1 

medium 

1 

medium 

Cost 

low 

low 

low 

high 

low 

medium 

low 

very 









high 




1 1.0 to 1.5*mil coating thickness. 

2 1—air; 2—baked. 


able coatings within his budget. As an aid to such a selection, Table 8.5 lists 

types of paints according to their binders, with information on their charac- 
teristics. 


TECHNIQUES OF APPLICATION 

It is recommended that all curtain wall components to be painted be given 
at least one shop coat of baked-on paint before leaving the production line. 
For ferrous products other than stainless, all of the parts should be treated 
before shop-coating by bonderizing or a similar method to insure good ad¬ 
hesion and corrosion resistance. If this procedure is not possible, ferrous 
parts should be primed with red lead, blue lead, strontium chromate, zinc 
chromate, lead chromate, or zinc dust. Iron oxide and aluminum paint do 
not inhibit rust. Some advanced techniques for the shop application of 
paints are as follows: 

Hot spraying. Paints of higher viscosity (about 90 sec at 70° F) are 
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brought up to about 120 °-l60° F by heaters before spraying. This permits 
the use of paints with a higher percentage of solids, promoting better cov- 

tS Tt ,T Clt ' V ’ rGduCtion of P inholes and other defects, and 

heated"’ Mr P , *7 ^ She6tS ^ W** air are sometimes pre- 

eated. Mastics may also be sprayed by this method. The usual total thick¬ 
ness (dry) is about 2/ 2 mils. Two to four mils may be used. 

ydraulic spraying. Used with hot spraying, this method raises vapor 
pi sure to about 450 psi, causing paint to vaporize as it leaves spray nozzle 
wiftout < he use of compressed air. Method saves the paint lost in overspray 
when a r rs used and provides more even coverage and freedom fromV 
rects. the paint is usually heated to about 200° F. 

DoubZc-nozzfe spraying. A system in which the vehicle comes out one 
nozzle while the dryer comes out the other, the two mixing as they leave 
the gum^mce the dryer is kept apart from the vehicle untifthey leave the 
zle, the pamt can be made to dry almost instantaneously. 


SPECIFICATIONS 

The tendency at present is to specify paints, particularly those for pro- 
uc ion me app ication, by the thickness of coverage desired in mils (thou- 

thethick 311 77 A ^ ° f * humb f ° r s P ecifica tion by this method is that 
the thickness of the coating (dry) should be three times the depth of the 

surface roughness of the particular material to which it is applied. For ex- 

tenor use the recommended minimum thickness is 5 mils. Instruments are 

available for measurement of the thicknesses of both wet and dry films 

When specifying coating materials for curtain wall components, the de- 
signer should call for the following: 

cific means) standard specification, manufacturer, or other spe- 

2. Colors 

3. Gloss 

4. Thickness required 

5. Surface to be covered 

6. Surface preparation 

7. Number of coats 

8. Protection and precautions. 

For a suggested complete curtain wall specification, see Chap. 9. Annem 
dix D lists applicable standard specifications. ^ 








CHAPTER 9 


The Methods 


It is evident from the material in the foregoing chapters that the design 
of the curtain wall of today is highly complicated. For centuries, architec¬ 
ture had accepted the wall as a building component consisting of innumer¬ 
able small units assembled in accordance with an ancient technology. The 
contemporary curtain wall has revolutionized that concept. Involving all or 
almost all the many branches of the building sciences, composed of a mul¬ 
titude of dissimilar parts that must work efficiently together, the curtain 
wall is a pertinent symbol of the age of rapidly advancing technology in 
which it came into being. 

Curtain walls were hampered in many of their earliest installations by 
poor design, incompetent manufacture, slow delivery, and inefficient erec¬ 
tion (often of damaged units). They were subject to jurisdictional labor dis¬ 
putes. The responsibility for the functioning of the walls was often divided 
among several manufacturers and contractors. It would have been miracu¬ 
lous if they had not failed in some of their functions. But all new develop¬ 
ments, especially those which become widespread in a short time, have their 
failures. Fortunately, surveys have shown that the number of major curtain 
wall failures thus far has been small. 

Curtain wall design has truly come a long way. Many answers or tenta¬ 
tive answers now exist for questions scarcely posed just a few years ago. 
There is still much to be learned and much to be done, but a good start has 
been made. 
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Sometimes it seems that every manufacturer in existence is trying to enter 
the field m some way, but even this situation has begun to stabilize. The 
competent, efficient manufacturers are becoming known through the actual 
performance of their walls (probably as good a test as any of a building 
product) And it seems quite certain that in the coming years, manufacturers 
will be able to offer carefully designed, detailed, and diversified walls that 
will meet all the criteria proposed for them. 
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The future gives promise of custom walls designed for specific uses and 
standard walls of quality priced at various levels. There will also be walls of 
less merit on the market, just as there are windows, doors, or kitchen cabinets 
in all categories. The conscientious architect, as always, will endeavor to 
protect his clients from shoddy products. 

It is sometimes very difficult to select a good curtain wall because of the 
limited knowledge the designer may have of the field, the number of walls 
and components being offered, and the lack of verified data. The problem is 
further intensified by the tendency of many suppliers to bid low on walls 
they are not prepared to fabricate and erect efficiently. Many of these low 
bids have been made by suppliers in order to break into the field at any 
cost. With little or no knowledge of curtain wall problems, such suppliers 
have often found themselves in the untenable position of having to feel their 
way toward solutions at great expense to themselves. And very often the re¬ 
sult is poorly functioning walls. Many of the early wall failures resulted, at 
least partially, from this type of bidding procedure. 

In spite of all this, the great majority of curtain walls have functioned 
well. The designer can now be assured of getting what he wants if he pays 
close attention to his criteria for the complete wall and for each of its com¬ 
ponents, if he works only with competent manufacturers, and if he insists 
on complete responsibility of the supplier, accompanied by adequate guar¬ 
antees. A result of such attention on the part of the designer may be seen in 
the curtain wall shown in Fig. 9.1. 


THE FRAME AND FASTENERS 

The frame, one of the principle components of the curtain wall, is dis¬ 
cussed in Chap. 3. An important and common function of the frame not 
discussed there is that of receiving the loads placed on the wall by wind or 
other forces and transferring these loads to the structure. The most impor¬ 
tant load by far is the wind load. 

WIND LOADING ON FRAMES 

Wind loading on curtain walls is discussed generally in Chap. 2. The wind 
loads for which a given wall must be designed may be determined from the 
applicable code, or by reference to Fig. 2.4 (a wind map of the United States 
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showing the highest intensity winds to be found 30 ft above the ground) 
an to Table 2.1 (which converts these pressures to figures applicable to 

IlTw h ^ ghtS Tj ab0Ve the § round )- These figures have been derived from 
U.S. Weather Bureau data by ASTM and adopted as a standard by ASA 

m ° St dependable baSiS f ° r Wind loadin § assumptions 

Differences of opinion exist about the methods to be followed in assuming 
wind loading on curtain walls. However, it is safe to say that frames should 
e designed to withstand the bending and other stresses likely to be im- 
posed on them by the winds indicated for the area of erection. In the de¬ 
sign of frame members for deflection, opinions are also somewhat varied. 
Although some manufacturers have used an assumption of an allowable 
deflection of / 240 , others have insisted that the absolute maximum should 
be / 360 . Aluminum windows are usually designed for allowable de- 
flection under dynamic loading, and there is reason to believe that the cur¬ 
tain wall frame should be made to conform to this requirement. The y 375 
maximum deflection should certainly be used for frame members in walls 
with large amounts of glass, and probably for most other types. 

The absolute minimum wind load assumption for walls of one-story build¬ 
ings would seem to be about 20 psf, with 30 psf preferred. Judging from the 
wind map, one-story walls designed to resist 30 psf could be safely used in 
most of the United States. For the other regions, special bracing or stronger 
members might be employed for resisting the greater stresses. For multi¬ 
story curtain walls, failure under wind load is a definite possibility if the 
walls are not designed to resist the loads indicated. 


ATTACHMENTS TO FRAME 

Another important function of the curtain wall frame is that of providing 
an assembly for the attachment or insertion of windows, fixed glazing, in¬ 
i’! 1 ation, an acing panels. Representative joints between the frame and 
hese components may be found throughout earlier chapters of the book 
(see also Fig. <19 through 9.14). Note that the frame often forms the joint 
e ween assemblies and must provide sleeves or other devices for allowing 
the umts to move in relation to each other under expansion and contraction. 

ie fiame is sometimes called upon to hold other components, such as 
door frames louvers, wiring, sun shields, and other types of inserts or at¬ 
tachments. It is also conceivable that the structural frame might be called 
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Fig. 9.2 Components of curtain wall fasteners 


upon to double as the curtain wall frame, although a system of this type 
would present many difficulties of erection and adjustment. Another varia¬ 
tion used in some reinforced concrete buildings is the insertion of concrete 
wall panels between the structural columns. 

FASTENERS 

The general aspects of the fasteners used for securing wall assemblies to 
the structural frame, including proposed criteria, were discussed in Chap. 3. 
Typical parts ordinarily necessary for a fastener system may be seen in Fig. 
9.2. (Some authorities recommend use of spacer shims for vertical adjust¬ 
ment rathei than slots.) Primarily, the system consists of the fastener plus 
bolts or other means of attaching the fastener to the structure. The fasteners 
may be fabricated in a great variety of ways (Fig. 9.3). Regardless of how 
they are fabricated, all successful curtain wall fasteners have certain things 
in common: (1) They are strong enough for the job they perform, (2) they 
are adjustable in three dimensions to allow for alignment of the wall assem¬ 
blies, and (3) they attach to the structure in readily accessible positions for 
ease of erection and disassembly. 

Fasteners must be designed with care. Bolts and other attachments must 
be sized for the stresses to be encountered. It has been suggested that the 
entire fastener assembly be designed to resist temperatures up to 1,500° F 
and for sufficient strength so that a single fastener is able to carry the weight 
of the assembly. These suggestions are useful only as rules of thumb. Each 
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Fig. 9.3 Typical fastener systems 
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fastener system requires individual design in terms of its function and the 
criteria valid for the particular installation. 

Bolts and other attachments are sometimes shop-connected to the struc¬ 
tural frame but more often are installed in the field. It is generally felt that 
the greater accuracy possible in field attachment by the curtain wall erector 
outweighs the small added cost incurred. It is important that the fastener 
system be positive and accurate. Vibration often places extra stresses on 
the fasteners, and the frame or facing may tend to cause racking or other 
forces to come into play. For these reasons and for increased safety in fires, 
hurricanes, and earthquakes, all fasteners should be permanently fixed in 
position after alignment of the wall. This permanence may often be achieved 
by using various lock-type nuts or externally toothed lockwashers. For multi¬ 
story installations, a more dependable method is to weld the fasteners in 
place after alignment. 

It has been found in actual practice that the major fasteners function best 
when connected to the structural frame. This generally means that the 
fasteners will be placed on the spandrel beams, but some use has been made 
of systems with connections to the structural columns. Sometimes a com¬ 
bination of the two methods may prove feasible. If a backup .is used, it 
should be placed on the interior side of the curtain wall assembly. The 
backup ordinarily does not function well as a location for fasteners, since it 
is weaker and less dependable structurally than the building frame. Further¬ 
more, placing the backup on the interior side of the wall allows the fasteners 
themselves to be fireproofed. 

In the past, many curtain wall attachment systems have been fastened to 
the structural frame by means of bolts welded to the steel spandrel beam. 
This method provides a strong, sure attachment when the bolts are designed 
for the loads to be imposed, and when good welds are made. Bolts are highly 
resistant to fatigue, and tests have shown (contrary to widely held belief) 
that tightening them somewhat beyond the minimum requirement does not 
adversely affect the static and fatigue strength of the attachment to any 
great degree. Ordinary bolts, however, have one big drawback when used 
for curtain wall attachments—once they are welded, they cannot be moved. 
The extreme flexibility of connection desirable for the structural frame is 
seriously hampered by this characteristic. In order to overcome it, many 
curtain wall schemes have been built around other attachment methods, 
such as slotted inserts, powder-actuated fasteners, and welded studs. 

Metal inserts. Slotted metal inserts of several types are often used for 
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ie attachment of curtain wall units to the building. Most commonly used 
for remforced-concrete-frame buildings, they may also be utilized in steel 
buildings with spandrel beams that are fireproofed with concrete. Some of 
the types now in use are shown in Fig. 9.4. Illustrated in 9.4a is the Peerless 
wedge-type insert, with a special bolt that fits the opening; in 9.4b may be 
seen a malleable iron-threaded insert, manufactured in sizes to receiveV, 

, /2 '; ° /s '’ and %‘ ln - boIts ; 9 - 4c shows a continuous slotted insert with 
anchor legs, available in lengths to 5 ft and used with bolts; 9.4d illustrates 



Pig. 9.4 Inserts for fasteners 


a Umstrut-type continuous slotted insert with anchor legs and special spring- 
nuts and bolts, available in lengths to 20 ft. The types of anchors shown in 
9.4c and 9.4d are extremely flexible in that they provide unlimited adjust¬ 
ment along the face of the building. 

Powder-actuated fasteners. The development of powder-driven fas¬ 
teners (Fig. 9.5) has provided the curtain wall designer with a valuable 
attachment device. These fasteners may be obtained internally or externally 
threaded and in many sizes. They may be rapidly driven in either steel or 
concrete by powder filled cartridges in special guns, and they provide 
strong, dependable fastening. Tests have shown the pullout value of a type 














































348 



with a Vt-in. shank and %-in. thread to be about 6,500 lb when driven into 
high-early-strength concrete and approximately 10,000 lb when driven into 
structural steel. Powder-actuated fasteners are unequaled in flexibility for 
curtain wall use, since they can be very accurately placed at any time. 

Stud welding. Stud welding, a highly rapid and efficient method of 
attaching curtain wall units, consists essentially of automatically arc-welding 
studs to the metal structural frame of the building. The steps involved are 
illustrated in Fig. 9.6. The special gun containing the stud is pressed against 
the work (9.6a). When the operator presses the trigger, the gun auto¬ 
matically pulls the stud the proper distance away from the work, creating 
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an arc between the end of the stud and the work that melts the former and 
a portion of the latter (9.6b). The stud is automatically forced into the 
molten metal at the end of the arcing period (9.6c). The gun is withdrawn 
and the ferrule knocked off, leaving the completed stud (9.6d). On steel 
buildings, the studs may be welded to the frame at any suitable time. Avail¬ 
able in a variety of sizes, studs may be obtained with threads (internal or 
external), with rivet-type heads, and in types designed for use with special 
clips and caps. r 

Fastener specifications. The fasteners specified for an installation 
should be designed to meet the particular criteria of the job. 


JOINTS 


The joint, often considered the most critical element of the curtain wall 
assembly, has many jobs to perform (see Chap. 2 and 3). Representative joint 
types are listed in Table 9.1 and illustrated in Fig. 9.7 through 9.10. 

In most wall designs, three types of joints are used: (1) Joints between 
panels, (2) joints between the frame and the panels, and (3) joints between 
complete assemblies. Each type is called upon to perform several functions. 
In addition to joining the components, the joint must be so designed that it 
will be sealed against the entry of water, dirt, wind, and other undesirable 
elements. It must also allow for the relative movement of the joined parts 
caused by temperature changes and other factors. Superficially, these re- 
quiiements seem simple enough. In practice, it is sometimes quite difficult 
to obtain joints that efficiently meet all of them. 

The joint most generally recommended today is the closed type, modified 
to allow the passage of air into the interior of the panel and its return to the 
atmosphere. It is designed to obstruct the entry of water but to revert it to 
the exterior of the wall if it does make entry. Weep holes provide for the 
escape of moisture back to the atmosphere. The venting problem is intensi¬ 
fied by the fact that the weep holes must be large enough to insure passage 
of water to the exterior of the building even when they are partially clogged 
with dirt or ice. Large openings of this sort may allow rain to be blown into 
the openings. Current thinking on the problem often prefers a wall sealed 
against infiltration with gaskets or sealants but vented to the exterior of the 
building. Dams or mechanical channels of various types are provided for 
directing incoming water back to the outside. 
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GASKETS AND SEALANTS 

The usual criteria for gaskets and sealants for curtain walls are listed in 
Chap. 3. In practice, the preferred types are liquid sealants and gaskets of 
vinyl or other plastics, or of neoprene or similar synthetic elastomers. Al¬ 
though gaskets and sealants are the common primary means of weather¬ 
proofing walls, they should be supplemented by baffles, dams, and channels 
for bleeding off water that may get past them. 

In the design of joints for use with gaskets or sealants, certain important 
considerations should be observed. Usually, the gasket or sealant will be 
expected to adhere to the sides of the joint over long periods of time, allow¬ 
ing movement of joint parts under thermal changes. Therefore, the type of 
sealers chosen must possess long life, good adhesive qualities, and adequate 
elongation without failure over their life expectancies. The joint must be 
made large enough for a sealer of adequate size; the joint must also have 


TABLE 9.1 TYPICAL CURTAIN WALL JOINTS 


Use of joint 


Panel-to-panel 


(A) panel-into- 
assembly; 

(B) assembly 
to assembly; 

(C) glazing, or 
window 


Figure No. [ ype of „ 
curtain wall 

Joint type 

Sealer 1 

Manufacturer 

9.8 

a 

Metal, 

Mated 

1, 3, 5 

Aluminum Structures, Inc. 



custom 




b 

Metal, 

Mated 

1, 2, 3, 

A. F. Jorss Iron 



custom 


5 



c 

Metal, 

Butt 

1, 3 

General Bronze Co. 



custom 




d 

Metal, 

Batten 

1, 3 

Several firms 



standard 




e 

Metal, 

Mated 

1 

R. C. Mahon 



industrial 




f 

Metal, 

Mated (T & G) 

1 

Fenestra, Inc. 



industrial 




g 

Concrete, 

standard 

Mated (T & G) 


Marietta Concrete Corp. 


h 

Concrete, 

standard 

Mated (lap) 

1 2 

Marietta Concrete Corp. 


i 

Metal, 

standard 

Spline 

1 

Bettinger Corp. 


j 

Metal, 

Mated (lap) 

1, 2, 3 

Several firms 



standard 




k 

Metal, 

Mated (T & G) 

1 

Several firms 


1 

industrial 

Metal, 

Mated 

1, 2, 3 

Armco Steel Corp. 



industrial 



9.9 

a 

Metal, 

A: stops 

1, 3 

Kawneer Co. 



standard 

B: mated 

C: stops 




b 

Metal, 

A: stops 

1, 3 

Valley Metal Products Co. 



standard 

B: spline and mated 





C: butt 




c 

Metal, 

A: mated 

1, 2, 3 

Mesker Bros. 



standard 

B: batten and mated 






C: mated 




Remarks 


Used for York Laboratory, York 
Pa. 

Used for Wyatt Bldg., Washings 
ton, D.C. 

Used for 261 Madison Ave. 
Bldg., New York, N.Y. 


Interior finish ordinarily job- 
applied 


Aluminum frame and window 
with laminated metal (or 
other material) panel 
Aluminum frame and window 
with laminated metal (or 
other material) panel 
Aluminum frame and window 
with laminated metal (or 
other material) panel 















Fig. 9.7 General joint types 




Use of joint Figure No. ^yP e °^ 

curtain wall 

(A) panel-into 

assembly; custom 

(B) assembly 
to assembly; 

(C) glazing, or e Metal, 

wi "dow standard 

f Metal, 

standard 


A: mated 
B: batten 


(A) panel-into- 
assembly; 

(B) assembly 
to assembly; 

fC) glazing, or 
window 


9.10 


Metal and 
glass, 
standard 


A: mated 

B: batten and mated 
C: mated 
A: lap 
B: batten 
C: lap 
A: stops 
B: batten 
C: batten 


1 , 2 


1, 3 


1 , 2 , 

4 


Metal, A: batten and insert 1 
standard B: batten and insert 
C: insert 
Metal, A: batten 
industrial B: batten 
C: batten 

Metal, A: batten and mated 
standard B: batten and mated 
C: batten and mated 
Metal, A: stop and mated 
custom B: batten 

C: batten and mated 


1, 3 


1, 3 


1 , 2 


Moynahan Bronze Co. 

Ingram-Richardson Mfg. 

Ceco Steel Co. 

Knapp Bros. Mfg. Co. 
Pittsburgh Plate Glass Co. 

E. K. Geyser Co. 

Fenestra, Inc. 

H. H. Robertson Co. 
Universal Corp. 


f Metal and 
stone, 
custom 


A: stop and spline 
B: batten 

C: batten and stop 


1 


Used for Ford Central Staff 
Bldg., Dearborn, Mich. 
Aluminum frame with lami¬ 
nated panel 

Carbon steel frame and window 
with mechanically connnected 
metal panel 

Carbon steel frame and stock 
window with mechanically 
connected metal panel 
Carbon steel frame covered 
with aluminum or stainless 
sheet metal with spandrel 
glass panels 

Aluminum frame and window 
with metal panels 
Aluminum frame and window 
with mechanically connected 
metal panels 

Aluminum frame and window 
with mechanically connected 
metal panels 

Used for U.S. Steel Co., Home¬ 
stead Office 

Stainless steel frame, windows, 
and panels 

Used for Federal Reserve Bank, 
Detroit, Mich. 

Stainless frame and fixed glass 
with marble panels 


1 Also, cement mortar. 
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Fig. 9.8 Typical joints: Panel-to-panel 
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HORIZONTAL SECTION 


VERTICAL SECTION 


VERTICAL SECTION 



ti 


HORIZONTAL SECTION 


VERTICAL SECTION 



HORIZONTAL SECTION 


m 




HORIZONTAL SECTION 


VERTICAL SECTION 



VERTICAL SECTION 


VERTICAL SECTION 


Fig. 9.9 Typical joints: Panels and components 
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Fig. 9.10 Typical joints: Panels and components 
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the correct conformation for holding the gasket or sealant in place. The joint 
must be accessible for cleaning before sealer application and for ease of 
application. 

Surfaces to which sealers are to be applied should be clean and dry. The 
temperature at the time of application of most sealers should be 40° F or 
highei. Units to be sealed should be aligned and centered to insure adequate 
contact between the sealers and surfaces. Gaskets and sealants may be ap¬ 
plied on the job or on the production line, depending on the circumstances. 
In either case, the sealing of curtain wall components is a highly specialized 
and technical field, and the designer should make use of the services of con¬ 
sultants from the industry. During the application of the sealers, close in¬ 
spection and supervision are indispensable. 

The evaluation of sealers is usually made by a series of tests (listed in 
Appendix D). Specific criteria for sealers for particular purposes have not 
been generally agreed upon in the curtain wall industry. However, some 
groups are making studies of this subject. Until the results become available, 
the curtain wall designer may apply the general criteria listed in Chap. 3, 
modified for his particular application. 

Neoprene gaskets, currently highly regarded as curtain wall sealers, are 
available in a variety of formulations possessing a wide range of qualities. 
One of the most interesting types uses a patented method of installation 
consisting of zipping a filler strip into a preformed slot in the gasket after 
it is in place. This type of gasket was developed for, and used in great quan¬ 
tity in, the General Motors Technical Center. Other types simply fit tightly 

into the joint. Characteristics of a typical neoprene gasket now in use are as 
follows: 

Foims and sizes—Standard cross sections for panels % to 2 in. thick with 
injection molded corners forming endless gaskets 

Temperature limits-Minus 40° to plus 212° F; noninflammable below 
350° F 

Strength-Tension, 2,000 psi minimum; elongation, 200 per cent minimum 
Hardness-70 to 75, Shore A 
Resistance to air, sunlight—Very good 

Physical properties after aging for 70 hr at 212° F, according to the 
met lod of ASTM D-573-53—Minus 15 per cent maximum change in tensile 
strength; minus 30 per cent maximum change in elongation; plus or minus 
15 per cent Shore A change in hardness. 
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The general characteristics and application procedures of another im¬ 
portant type of sealant, the polysulfide synthetic rubber liquid compounds, 
are described in Chap. 3. Properties of a typical formulation are as follows: 

Colors—Buff, gray, black, and aluminum 
Temperature limits-Minus 100° F to 250° F 

Strength-Tension, 250 psi; elongation, 200 per cent up; shear in adhesion, 
200 psi; peel strength, 25 to 45 psi 
Hardness—20 to 60, Shore A 
Resistance to air, sunlight—Very good 
Water absorption-0 per cent after four days at 75° F 
Elongation after 10 years-100 per cent (by aging test). 

Elastomeric tape sealants of several types are sometimes employed in cur¬ 
tain wall assemblies. These tapes are usually extruded in flat or round forms 
and are often temporarily adhered to strippable paper backings for shipping 
and handling. The tapes are relatively inexpensive and easily applied but 
for efficient sealing must be placed evenly in compression at all points along 
their length. They are somewhat easily damaged by rough handling or by 
the application of unnecessary pressures, which may deform them to an 


TABLE 9.2 SIZES OF CURTAIN WALL ASSEMBLIES 

It is considered good practice to restrict weights of assemblies to a maximum of 400 lb, or the weight that can 
be handled by not more than four men to insure efficient shipping, handling, and erection. Some industrial 

panels available up to 60 ft in length. 


Recommended sizes for 

curtain walls, in . 1 ... 

- -.- - Maximum sizes available, 

T yP e Average Maximum in - 1 

limit limit 

W H W H W H 


Rolled or extruded 


frame with panels 
Press-brake 

48-60 

144 

96 

1 Story 

1 Bay 

3 Stories 

frame assembly 

48-60 

144 

72 

168 

Width of available sheet X 

Die-formed 





press length 

frame assembly 

Cast frame 

60 

144 

72 

192 

Size of press available 

assembly 

48 

60 

60 

84 

1 Bay 

1 Story 


1 Except as otherwise noted. 
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extent, rendering them useless as dependable sealants. The tapes are gen¬ 
erally nondrying, have excellent adhesion to metals and other materials, 
and do not chalk, as do ordinary vegetable-oil caulking compounds. The 

tapes sometimes stain porous materials and collect dirt if applied in exposed 
positions. r 

Typical properties of elastomeric tapes are as follows: 

Forms and sizes-Round or flat, % 6 to about % in. thick, and up to 2 in. or 
more in width 

Colors—Ordinarily aluminum, gray, or black 
Elongation—150 to 250 per cent (32° to 70° F) 

Temperature limits-Minus 65° to above 180° F (approximately) 

Water absorption—Less than 0.1 per cent in 24 hr at 60° F 
Resistance to air, sunlight—Very good 

Elongation after 10 years-About 10 per cent (approximately the same as 
in ordinary caulking). 


THE COMPLETE ASSEMBLY 


In Chap. 3 the most common curtain wall assembly types are discussed 
(see Fig. 3.13). When their components are examined separately, it is easy to 
lose sight of the over-all aspects of the complete wall. For this reason Fig. 
9.11, 9.12, 9.13, and 9.14 are included. These illustrate the major features 
of representative curtain walls for both small and large buildings. Some con- 
ception of the total effect of curtain walls may also be obtained by studying 
the illustrations of the buildings listed in Appendix A. 

The recommended average and maximum sizes for curtain wall assemblies 
are given in Table 9.2. It should be remembered, however, that many suc¬ 
cessful installations of walls composed of larger units than these have been 
made. Assemblies two and even three stories high have been erected, not 
to mention others that span horizontally for a full bay. Even larger units 
have been erected in some industrial walls. 

Sizes are ordinarily limited not by the facilities for assembly of the units, 
but rather by such considerations as standard sizes of materials, sizes of 
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0_12 Inches 


0 0.2 0.4 Meters 



E HORIZONTAL SECTION 



architects: Gian Antonio Bemasconi 
Annibale Fiocchi 
Marcello Nizzoli 

owners: Olivetti Company 


building type: Office (multistory) 

curtain wall: Curtisa (Bologna, 
Italy) 

YEAR OF COMPLETION: 1954 


CURTAIN WALL FRAME: Aluminum. WINDOWS: Natural anodized 

SUN^HTFT cov ERS AND MULLIONS: Aluminum , anodized black . 

zunsHULLUb: Natural-color, anodized-aluminum corrugated covers on extruded 
aluminum frames (operated by cranks in groups). exiruaea 


Fig. 9.11 Aluminum curtain wall (Olivetti Building, Milan, Italy) 
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Mullion Facing" 

F HORIZONTAL SECTION 


Inches 



architects: Voorhees, Walker, 
Foley, and Smith ’ 

owners: Port of New York Authority 
general contractor: Mitchell, Inc. 


building type: Commercial (largely 
two story and base¬ 
ment) 

curtain wall: Truscon Steel Divi¬ 
sion, Republic Steel 
Corp. 

year OF completion: 1955 




Fi9- 9.12 Stainless steel curtain wall (Port of New York Authority Building, Lincoln Tunnel, N.J.) 
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0 6 12 




D HORIZONTAL SECTION 


Inches 


a* 


0 6 12 


architect: William Tabler 
operated by: Hilton Hotels Corp. 
general contractor: Robert E. 

McKee 


building type: Hotel (multistory) 

curtain wall: Universal Corp.; 

Texlite Co., Inc. 
YEAR OF completion: 1955 


CURTAIN WALL FRAME: Aluminum. WINDOWS • Aluminum hnn 
per vent and view sash, top hinged for cleaning pa v it 

lt-nivti tACING: Vg-tn. asbestos-cement board. 


Fig. 9.13 Porcelain enamel curtain wall (Statler-Hilton Hotel, Dallas, Tex.) 
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C FASTENER DETAIL 


Eyebolt anchor 
and dowel 


lllllll 
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Inches 


0 6 12 



architects: Lacy, Atherton, & 
Davis 

owners: General State Authority, 
Commonwealth of Penn¬ 
sylvania 

GENERAL CONTRACTOR: John 

McShain, 

Inc. 


building type: Institutional (multi¬ 
story ) 


curtain wall: Windows-Universal 
Corp. 


YEAR OF COMPLETION: 1957 


W/7Y DOW ^4 / ^ • FRAME: Steel wide-flange members and angles. 

Alt ‘ n } mu J m ’,f°lding flue. EXTERIOR FACING: Smooth 
Tin\i h o Wt i 4m 'i In ,d ,ana limestone and 2-in. marble. INSULA- 
UoZng anus/ S S - ^TERIOR FACING: Metal, air condi- 


Fig. 9.14 Stone curtain wall (Labor and Industry Building, Harrisburg, Pa.) 
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available machines for processing parts, and sizes of assemblies that can be 
shipped, handled, and erected in an efficient manner. 

PRODUCTION, FABRICATION, AND ASSEMBLY 


Metal curtain wall frames are generally produced from extruded or rolled 
members, although a few custom walls utilize formed sheet metal. When 
sheet metal is used, it is formed as composite frame and facing. In the other 
types of frames, the facings are most often sheet metal or other materials 
(flat or formed), welded or otherwise attached to the frame. 


TOLERANCES AND CLEARANCES 

The curtain wall designer may easily become confused by the profusion 
of tolerances and clearances that must be allowed for in his detailing. The 
subject becomes rather complicated when materials of many different kinds 
are involved. First, it should be clearly understood what the two terms mean, 
for they are often confused. Both describe deviations from exact or perfect 
dimensions. Both are quantities expressed as linear dimensional allowances. 
However, tolerances are the dimensional allowances made necessary by the 
inability of men and machines to fabricate or construct any product to exact 
dimensions. An allowance must always be made for inaccuracies of measur¬ 
ing equipment, wear in machinery, and similar factors. Common examples 
are the tolerances allowed for erecting steel-framed structures, for manufac¬ 
turing door frames, and like operations. Such tolerances are often based on 
specific standards set by the industry or recognized organizations. 

Clearances, on the other hand, are linear dimensional variations or allow¬ 
ances that are made in order to facilitate erection of units, provide for 
thermal or other movements, or perform similar functions. For example, it 
is generally agreed that a minimum clearance of 2 in. must be allowed be¬ 
tween the wall units and the structural frame of a multistory building, so 
that the erector may align and fasten the assemblies from within the build¬ 
ing (often, however, a 2-in. clearance would be too small). 

The curtain wall designer must have a specific understanding of the toler¬ 
ances and clearances required. Information on this subject is not readily 
available in a usable form; however, Tables 9.3 and 9.4 give some introduc- 
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tory data. Further guidance may be obtained from manufacturers, trade 
associations, and other organizations in the curtain wall field. 


PRODUCTION OF A CUSTOM STAINLESS CURTAIN WALL 

Some of the stages in the production of stamped stainless panels for the 
Federal Reserve Bank Building, Minneapolis, Minn., are shown in Fig. 9 15 
These panels came in two sizes, 3 x 7 ft and 3 x 13 ft. Each was stamped out 
of one sheet of metal and punched for mechanical fastening, after which 
two panels were attached together and stainless vertical mullion members 
fastened to the joint between them. The assemblies were thus erected in 
le sizes, 6 x 7 ft and 6 x 13 ft. Shown here are a typical stamped 7-ft panel 
bemg removed from the press (9.15a); the punching operation being ac- 


TABLE 9.3 CLEARANCES FOR CURTAIN WALLS 


Consult heednote of Table 9,4 for additional information. 

Size of clearance, 

in. Remarks 


Erection 

2 (min) 

Between building frame and interior 

Glazing 


side of curtain wall facing 

Rabbet depth 

Faces 

Joint sealers 

y 4 

y8- 5 /32 

See Fig. 6.17 and 6.19 

Calking 

Tapes 

%-% (width) 

X % (min depth) 

% (plus tape thickness) 

Recommended width approximately 
equal to 40 per cent of depth 

For movement of units into place with¬ 

Stone 

i-i y 2 

out damaging tape 

Between building structure and in¬ 

Thermal expansion 


terior side of stone facing 

See Fig. 4.5, Table 4.1, and thermal 



expansion tables for various ma¬ 
terials 


complied on a similar panel (9.15b); an assembly of two of the 7-ft panels 
(9.15c); a typical 13-ft assembly with the mullion attached and a reinforcing 
angle being welded to the assembly (9.15d); an assembly being loaded on a 
special trailer for shipment to the site (9.15e); and a section of the completed 
wall with both sizes of panels in place (9.15f). 














TABLE 9.4 TOLERANCES FOR CURTAIN WALLS 

Hon Tlrr ° j' y ° Sma " L nUmb ? r ° f , the *° leran<:es in curtain wall design, manufacture, and erec 
' J b USe t aS Q r °j 9h r' de °" y; m ° re com P le,e ^formation may be obtained from various stand 

ards, industry associations, and other sources. Allowances must be made for all tolerances involved indudina 
variations among unrelated materials and components. Materials should be chosen with close enough taler 

resul! inhiahercost 6 n\ M Spe< f' Ca,ion . of closer ,oler °" res than those commercially available will 

u t in higher costs. Data on allowances for waviness or warping in sheet materials may be found in Chap. 4. 


Material type 


Tolerance for 


Allowable variation from 
specified dimensions, in . 1 


Remarks 


ALUMINUM 


Castings 

Sand 

Permanent mold 
Plaster mold 

Extrusions Flatness 

Curved surfaces 
(90-deg arcs) 
Straightness 

Dimensions less than 
0.125 in. 


±%4 

— Vz2 tO /4 

±0.010 

±0.004 


±0.004 

±0.0125 (0.094 in. per in 
min) 

±0.006 


Rolled 


Sheet and plate 


Thickness 

Other dimensions 

Channels, depth of 
width of 


±2% per cent (±0.010 
in. min) 

2% per cent (±% 6 in. 
min) 

+ % 2 / —Vl6 
±4 1 /o per cent of nomi¬ 
nal width 



Camber, all lengths, 
up to 4-in. width 

±1 


up to 12-ft length, 
over 4-in. width 

±Vs 


over 12-ft length 

±i 

32 gage 2 

Thickness, up to 18-in. 



width 

±0.001 


18- to 36-in. width 

±0.0015 

10 gage 2 

Thickness, up to 36-in. 


width 

±0.004 


36- to 54-in. width 

±0.005 


54- to 60-in. width 

±0.007 


60- to 66-in. width 

±0.010 

Sawed sheet and 

Dimensions, up to 3-in. 

plate 

thickness, 10-in. 



width 

— Vz2 


10- to 36-in. width 

± X /l6 


36- to 130-in. width 

±%2 


per inch of width 

per inch of chord 
per foot of length 


Tolerance varies 
with metal 
dimensions up 
to 0.08 in. for 
specified 
dimension of 
14 in. 


per 10 ft 
per 10 ft 
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TABLE 9.4 TOLERANCES FOR CURTAIN WALLS-cont /n^W 

Material type Tolerance for 


Allowable variation from 
specified dimensions , in . 1 


Remarks 


Sheared plate 


Sheared sheet 


ALUMINUM 

130- to 280-in. width 


Dimensions, up to 0.5- 
in. thickness, 144- 
in. length 




144-to 240-in. length 

±% # 

Dimensions, up to 


0. T02-in. thick¬ 


ness, 4-in. width 

±%2 

4- to 18-in. width 

±y 16 

18- to 36-in. width 

— %2 

36- to 54-in. width 

±y 8 

54- to 72-in. width 

±%2 

72- to 102-in. width 

— 2 3 /l6 

Dimensions, 0.103- to 


0.249-in. thick¬ 


ness, 4- to 18-in 


width 

±%2 

18- to 36-in. width 

±Vs 

36- to 72-in. width 

± 3 /l6 

72-to 102-in. width 

±y 4 


CERAMIC VENEER 


Dimensions, %-in. 

thickness 

1/4" to 1 %-in. 

thickness 

Face distortion, up to 
1-sq ft area 
1- to 2-sq ft area 


±3 /64 

± X /l6 

Vs 


2- to 3.75-sq ft area ±% 6 


CLAY MASONRY SOLAR CONTROLS 


Width, height, length ±3 per cent 
Thickness of shells +%, — y i6 


COPPER-BASE ALLOYS 


Extrusions 

Sand-cast brasses 
Sand-cast bronzes 


±%2 


Similar to alumi¬ 
num tolerances 


galvanized iron 


Sheet metal 


Thickness 


See Table 5.25 


2 J olerances inches unless otherwise specified. 

sider^ry^itlTgc^ge^an^^tae^dimenstans. 5 * 6 ^ 5,166,5 ° r6 inC ' Uded ^ Com P arison - ° ther tolerances vary con- 
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TABLE 9.4 TOLERANCES FOR CURTAIN WALLS-conf.mied 


Material type 

Tolerance for 

Allowable variation from 
specified dimensions , in. 1 1 


GLASS 

Plate, annealed or 

Thickness, %- to %- in. 

— Vs2 

tempered 

%- to %- in. 



%- to 1 y 4 -in. 

± %6 


Other dimensions 

— Vl6 

Heat-absorbing 

Thickness 

±y 32 

Multiple glazing 

Other dimensions 

±VlQ 

Thickness, double or 


triple 

Dimensions, %- in. 
plate, double or 

± %2 


triple 

Dimensions, %-in. 
plate, double or 
triple to 36-in. 

±yie 


width or length 
over 36-in. width or 

+ %/ —Vl6 


length 

+ * 3 /i6,-yi 6 


Remarks 


Structural 

Spandrel 

Safety 


Thickness 
Other dimensions 
Thickness 
Other dimensions 
Flatness, to 36-in. 
36- to 84-in. 
84- to 144-in. 
Thickness 


±1 /32 

±1 /l6 

+ % 4 / — %2 

+ 0,-%6 

±y 4 

±X /2 

± %2 


For most types 


PLASTICS, EXTRUDED 3 


Dimensions, up to 4-in. 
width, y 3 2 -in. 

thickness ±0.0005 

%2" to %-in. thick¬ 
ness ±0.0006 

Dimensions, 10-in. 
width, %-in. 

thickness ±0.060 

%2- to %-in. thick¬ 
ness ±0.125 


PORCELAIN ENAMEL ON STEEL 


Dimensions (fabri¬ 
cated) 


±Vi 


16 


* Tolerances in inches unless otherwise specified. 

3 Tolerances of plastics in sizes not listed are proportional to ones shown. 
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TABLE 9.4 TOLERANCES FOR CURTAIN WALLS-c ontinued 


Material type 

Tolerance for 

Allowable variation from 
specified dimensions , in . 1 

Remarks 

STEEL 

Aluminized, sheet 




metal 

Thickness 


See Table 5.27 

Carbon 

Wide flanges, to 12-in. 




depth 

±1 /s 



width 

+ %' ““%6 



camber 

±1 /soX length (ft) 



I-beams and channels. 




3- to 7-in. 




depth 

+ %2/ — Vl6 



width 

±y 8 



Zee-bars, 3- to 6-in. 




depth 

+ Vs> — Vl6 



3- to 4-in., width 

+ %/ — %2 



4- to 6-in., width 

±% 



Angles, 3- to 4-in., leg 




length 

+ Vs'~%2 



4- to 6-in., leg 




length 




Tee-bars, 3- to 7-in. 




depth 

+ % 2 / —Vie 



width 

— Vs 



Camber 

±1 / 4 oX length (ft) 

All members, ex¬ 

Frames, building 

Plumb and level 

— %ooo 

cept WF beams 
Compared to 




axial length of 




members be¬ 




tween laterally 




supported 


Members with milled 


points 


ends, length 

— Vs2 



Members, ends not 




milled, to 30-ft 




length 




over 30-ft length 

— Vs 


Stainless sheet 

Thickness, 14 gage 

±0.007 



15 gage, 16 gage 

±0.006 



17 to 19 gage 

±0.005 



20 to 23 gage 

±0.004 



24 to 27 gage 

±0.003 



28 to 32 gage 

±0.002 



Width, to 48-in. 

-\~Vl6' — 0 



over 48-in. 

\~Vs» —o 



Length, to 120-in. 

+ 1 /l6,-0 



over 120-in. 

+ %/ —0 
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Fig. 9.15 Fabrication of formed stainless panels (Federal Reserve Bank, Minneapolis, Minn.) 
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PRODUCTION OF BRONZE CURTAIN WAll FRAMING MEMBERS 

The methods used in the production of the extruded architectural bronze 
framing members for the Seagram House (Fig. 9.1) in New York are 
shown in Fig. 9.16. These extrusions are 4% in. wide by 6 in. deep and 
range up to 26 ft 4 in. in length. In the wall, they are combined with supple¬ 
mentary bronze members and Muntz-metal spandrel facings. Production of 
the members proceeded from the heating to a semiplastic state of 400-lb 
bronze billets The heated billets were forced through steel extrusion dies 
under hydraulic pressure (9.16a). The shapes were wavy and somewhat 
uneven as they came out of the press. They were straightened by being 
rawn through a second die (9.16b); gaged and measured to insure dimen¬ 
sional accuracy (9.16c); and given a final check (9.16d) before shipment to 


g. 9.16 Fabrication of bronze components (Seagram Building, New York, N.Y. 
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the curtain wall fabricator. Here, the extrusions were machined, cut to size, 
welded, and otherwise fabricated, then finally treated for the formation of 
an artificial patina on their surfaces. (The erection sequence for this wall is 
shown in Fig. 9.19.) 


PRODUCTION OF A CUSTOM ALUMINUM CURTAIN WALL 

The pi oduction of the aluminum wall for the Alcoa Building in Pittsburgh, 
Pa., is illustrated in Fig. 9.17. These wall units are one-piece stampings in 
which the frame and facing are fabricated integrally from the same piece 
of sheet aluminum. To these components, the pivoted aluminum windows 
and secondary components were welded. A typical panel with some forming 
already accomplished was placed in an 880-ton press (9.17a) for forming of 
the diamond shape; the flanges of the formed panels were then slotted 
(9.17b); and the panels were stored (9.17c) awaiting removal for a heli-arc 
welding operation (9.17d). A completed assembly with window in place is 
shown in 9.17e. About 3,500 similar panels were produced in several sizes 

ranging from 6 x 6 ft to 6 x 14 ft. (The erection sequence for this wall is illus¬ 
trated in Fig. 9.20.) 


ASSEMBLY OF A STANDARD STEEL CURTAIN WALL UNIT 

The assembly of a mechanically connected panel with porcelain-enameled 
exterior face and galvanized-bonderized, shop-painted interior face into a 
carbon-steel frame is shown in Fig. 9.18. Operations include the application 
at the building site of a gun-applied sealant (9.18a and b); the insertion of 
the assembled panel into the frame (9.18c); and the power fastening of the 
panel into place with corrosion resistant screws (9.18d). (For the appearance 

of this type of assembly, see Fig. 8.15; for typical horizontal and vertical 
sections, Fig. 3.47.) 


assembly of curtain walls 

Curtain wall components are assembled in many different ways. The 
major part of the assembly of custom walls is generally done in the shop, 
since this procedure is usually less expensive, faster, more accurate, and 
etter controlled. For walls assembled from standardized parts, much of the 
assembly is also done in the shop, but sometimes the insertion of the panels 
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TRANSPORTATION, STORAGE, AND HANDLING 


The packaging and method of shipping of curtain wall components and 
assemblies are directly related to the type of products being handled, the 
distances over which they must be shipped, the quantities involved, the 
sizes of the units, and the facilities for storage and handling at the job site. 
The operation closely resembles the handling and shipping of any moder- 


Fig. 9.18 Assembly of curtain wall units: Steel frame with mechanically connected panels 

is accomplished in the field. Industrial walls may be assembled by either 
method, or they may be assembled as they are erected. The choice between 
the three methods for industrial walls depends primarily on the type of wall 
units employed and the conditions at the job site. 
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ately large building product, and the same safeguards and procedures apply 
In some ways, however, the operation is different. 7 

Complete curtain wall assemblies are usually rather large, and they are 
often extremely fragile prior to erection. Extra precautions must be taken 
because of these two factors. Special care must be taken to eliminate or 
minimize damage in packing, which will vary with the type of unit to be 
shipped and the method of transportation. Small parts may be bundled 
together or shipped in cardboard containers. Large components seem to fare 

i er when wrapped in cardboard and crated so as to protect facings 
and other easily damaged portions. 6 

Packages should be clearly coded or marked for easy job identification. 
Shipment of all components required for one part of the job (for example 

s”zes a°nd “ ^ a11 partS ° f 0ne ^ at *e ^e time! 

Sizes and weights of packaging should be carefully gaged to conform with 

the hoisting equipment available. Packages that can be handled by two 

men and hoisted in an ordinary hod hoist will usually prove most econom- 

cal. Sizes larger than about 8 x 12 ft ordinarily cause handling difficulties 

Maximum weights for efficient handling range from about 250 to 400 lb 

Although curtain walls are often shipped by rail freight, truck transporta- 

tZ^Tl r ahh - ^ $hipping * tmck ’ S P ecial care be 

and h *1* t° a - m§ T y manufacturers have bad special trailers designed 
and built to increase the margin of safety). When components arrive at their 

ma ion y lail freight, extra handling is necessary to get them to the job 

rectlvT'^Tv! ^ P ° SSibilit y of dama § e - Trucks can deliver the units di¬ 
rectly from the fabrication plant to the job site without this added danger 

tl7be g s°t h f Ve b T h , ad ^ Pig ^ back deliver y’ which combines 
the best characteristics of rail and truck transportation. It should also be 

remembered that rad freight rates for parts shipped separately are lower 

n those for assemblies. The extra cost of assembly in the field may offset 

this saving, but both possibilities should be considered. 

Timing the shipment of curtain wall components correctly is of the utmost 

importance. Ideally, the units should arrive on the job when the buTng- 

“'jS, er rr ' he Wa " S ° ll ’ at ' he unils can be stOTed temporarily 
. floors of the building and long-term storage can be avoided. If unit's 

“l,” t °j ed ° n l ‘t Slte for more a ”°minal period of time, the pos- 

*1n°I L a T s ; , , theft ’ and r dalism are tacreased - and c ° s,s are ai ™“t 

suie to use. Late delivery can be virtually disastrous. 

Several types of protective coatings and other devices will help prevent 
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damage to curtain wall units before erection. All these raise costs somewhat 
and may be cumbersome or bothersome to remove in the field, but they have 
ceitain meiits. These protective devices may consist of clear organic coatings 
(lacqueis and the like), which may sometimes be allowed to remain on the 
surface after erection (for example, the clear methacrylate lacquer often 
used on aluminum) or they may be removed. Other devices include strippa- 
ble sprayed coatings (which are removed after erection), strippable tapes, 
and similar products. 

When curtain wall units arrive on the job with cardboard covers, the latter 
should be removed to prevent possible damage from absorbed water and 
to allow inspection. It is quite possible for damage to occur to the curtain 
wall unit without the package itself being visibly harmed. Care in handling 
will keep job site damage to a minimum. Most curtain wall parts cannot be 
scraped together, struck with hard objects, or otherwise treated in a rough 
manner without damage. Proper padding of carriers, lifting the units only in 
the approved manner (with stresses distributed over large areas), and firmly 
securing the parts before moving will all help minimize damage. 

If storage of curtain wall parts is required, it should be accomplished in a 
manner consistent with the type and conformation of material. The units 
must not be stored near working areas or areas of appreciable traffic. They 
must not be piled in a manner that places loads on them for which they were 
not designed. The storage area should be kept dry, clean, and free from 
possible contamination by smoke from salamanders, alkalis, acids, mortar, 
concrete, or other sources. 

A certain amount of damage will occur no matter what precautions are 
taken; therefore, the designer must make provisions for field repair, touchup, 
or other rehabilitation. To insure an acceptable quality of work, he might 
specify the maximum amounts and kinds of damage that will be allowed as 
well as the methods for rehabilitation. Otherwise, he will have to provide for 
replacement of damaged parts, and the resulting higher costs must be ab¬ 
sorbed into the budget. In either case, the designer should state definitely 
in his specifications the quality of material that is expected and acceptable. 

ERECTION 

It is hard to overstate the advantages of erecting curtain walls from inside 
the building. There are the obvious savings in construction costs due to the 
elimination of scaffolding and to the greater efficiency possible in working 
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from the floor of a building rather than from scaffolds. But beyond that in¬ 
side erection can be accomplished much faster, and without the costly delays 
caused by the weather. The importance of such erection increases as the 
height of the building increases. In single-story buildings, outside erection is 
both practical and often employed. For multistory buildings (other than 
hose with structural cantilevers projecting outside the face of the wall) 
there is virtually no factor in favor of outside erection 

A great number of erection difficulties originate in the design and detail¬ 
ing stages. These are predictable and can be avoided by careful attention 
to the important aspects of curtain wall design and by close teamwork be¬ 
tween the architects, designers, suppliers, and erectors of the wall compo¬ 
nents and assemblies. Ordinarily, the unit sizes most practical for fabrication 
and shipment will be easy to erect. As mentioned elsewhere, assemblies one 
module wide (4 to 5 ft usually) and one story high may be efficiently manu¬ 
factured and erected. But it should not be forgotten that units two or more 
stories high and several modules wide have also been successfully erected. 

is of the utmost importance to provide for the removal and replacement 
o units after erection, since it is almost impossible to erect a large wall 
without damaged units or surfaces. In some walls now in use erection 
procedure required the use of an arbitrary, fixed sequence of operations. 
This resulted m a completed wall in which a damaged unit could be re- 
moved only by disassembling the wall in reverse sequence back to the source 
of trouble. It is mandatory that individual wall units be capable of removal 
at any point without disturbing the rest of the wall. 

For efficient erection, assembled units should weigh no more than 400 lb 
(a rule-of-thumb that should be broken if circumstances warrant). Another 
inle which may also be broken when necessary, is that the ideal weight is 

that which two men can handle, but no more than that which would require 
tour men. ^ 

To insure closer control and more accurate placement, it is recommended 
that fasteners for attaching components to the structure be applied in the 
field by the curtain wall erector. The preferred time for installing the 
fasteners is after the steel and the spandrel fireproofing (if any) are in place. 

leld expenence has shown that concrete fireproofing stabilizes the building 
and minimizes movement of the steel, resulting in more accurate and easier 
erecHon. Some erectors recommend that fastener placement in multistory 
buddings follow about 6 floors behind the fireproofing operations. Fasteners 
should, of course, be stable and strong. They should be placed in easily 
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Fig. 9.19 Bronze curtain wall erection (Seagram Building, New York, N.Y.) 


accessible locations for fast, efficient erection and for the facilitation of unit 
removal. It is almost impossible to align and plumb a curtain wall properly 
unless the fasteners are designed for three-dimensional adjustment. To in¬ 
sure permanency, many erectors feel that the parts of the fastener system 
should be welded together after alignment is complete. 

Design for adequate erection clearances will help insure a workmanlike 
job in the field (two inches between the face of the structure and the wall 
is considered the minimum). Since materials can be fabricated and the build- 
ing structure built only within certain tolerances, the erector must work with 
imperfectly dimensioned materials to be attached to an imperfect structure. 
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Allowances must be made for the worst possible combination of errors, 
without hampering the erection of the units into a workmanlike and weath¬ 
erproof wall. It is, of course, impossible for the erector to work to closer 
tolerances than those allowed in manufacture. 

Other aspects of the erection problem to be kept in mind include the diffi¬ 
culty sometimes encountered in keeping exposed weep holes from becoming 
clogged duiing the erection; the necessity for close cooperation and co¬ 
ordination with other trades; the difficulty of aligning certain types of joints 
(such as the tongue-and-groove) when large tolerances are allowed in manu¬ 
facture or in the structural work; and the extreme likelihood of serious dam¬ 
age to surfaces caused by welding spatter, by mortar, concrete, or plaster 
spatter, and by rough usage or impact. 

To help make good erection possible, the curtain wall designer should 
also insist on complete and accurate shop and erection drawings. These 
should be prepared by competent persons with due regard for the erection 
operations specified and the trades to be employed. At the present time, 
most curtain wall erection is done by ironworkers or sheet metal workers, 
but it is not uncommon in some localities to find carpenters, glaziers, and 
other trades erecting walls. Thoughtful design, accurate layout of the work, 
proper scheduling and choice of procedures, skilled mechanics, and close 
supervision will help the erection subcontractor to do the best possible job. 
The presence on the job of the manufacturer’s engineers, or their availability 
for consultation while the work is in progress, can often be of great value. 
In addition, it is often helpful for consultants on sealants and other indi¬ 
vidual components to be available during the work. 


ERECTION OF SEAGRAM BUILDING CURTAIN WALL 

The bronze curtain wall for the Seagram House in New York was erected 
m two stages. First, the mullion shapes were attached to the building 
structure (Fig. 9.19a); then the assembled curtain wall units were re¬ 
moved from the floor of the building on a sling (9.19b) and lowered into 
place between the mullions (9.19c). A section of wall with mullions and 
assemblies is seen in place on the lower floors (9.19d) while on the two 
floors just above only the mullions have been installed. In accordance with 
usual practice, glazing was accomplished after the wall units were in place 
(For other views, see Fig. 3.21, 5.15, 5.19, and 9.1.) 
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Fig. 9.20 Aluminum curtain wall erection (Alcoa Building, Pittsburgh, Pa.) 


ERECTION OF ALCOA ALUMINUM CURTAIN WALL 

The sequence of erection of the curtain wall on the Alcoa Building in 
Pittsburgh, Pa., is shown in Fig. 9.20. Here the curtain wall unit is complete 
except for glazing, no separate frame being used. The first view (9.20a) 
shows a unit being hoisted into position, here with a column cover attached; 
in 9.20b a unit is being positioned in the wall, ready to be attached to the 
fasteners; 9.20c is a closeup of the same unit with the workman ready to bolt 
it temporarily to the adjacent unit for final positioning, alignment, and 
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permanent fastening; 9.20d shows the appearance of the completed wall 
a ter glazing. (Fig. 9.4a illustrates the fastener used for attaching the panels 
to the structure. For other views, see Chap. 3, Fig. 3.4 and 3.14.) 

ERECTION OF LARGE CURTAIN WAIL FRAME 

For the erection of very large assemblies, a crane may be employed. 
Figure 9.21 illustrates the operations for erecting a stairwell curtain wall on 
the Library Building of Michigan State University in East Lansing, Mich. 

onstructed entirely of aluminum extrusions, the unit being erected is ap¬ 
proximately 26 ft long and 40 ft high. The complete assembly is shown with 
erection braces (9.21a) immediately prior to lifting by the crane; the crane 
hoists the assembly into the vertical position (9.21b); the frame is carried 
to the stair opening (9.21c), and is positioned into place (9.21d) The entire 
operation required about 1 hr 45 min for erection and anchoring. The com¬ 
pleted wall shown in 9.21e is similar to, but larger than, the one shown in 
the other views; it is located on the opposite side of the library. 

ERECTION OF CURTAIN WALL IN UNITS ONE BAY WIDE 

Although curtain wall units one module wide and one story high are 
usually recommended, special circumstances may warrant other sizes. 

lown m Fig. 9.22 is the erection sequence for the Commonwealth Prome¬ 
nade Apartments in Chicago, Ill. Here the complete aluminum frames and 
windows with fixed sections and hopper vents were assembled into units 
one story high and one bay wide, each bay consisting of four complete 
modules. An assembly with sling in position for hoisting is seen in 9.22a- the 
assembly is lifted into place (9.22b and c) and positioned and fastened to 
the structure from the interior of the building (9.22d). The appearance of 
the partially completed wall is seen in 9.22e. 


ERECTION OF AN INDUSTRIAL CURTAIN WALL 

A sequence of operations for erecting a relatively low industrial curtain 
wall for the Kaiser Rolling Mill at Ravenswood, W. Va., is shown in Fig. 

. 3. Erection was accomplished from the exterior, the completed wall being 
assembled in three operations performed directly on the wall. First, the in- 
e n or facin § of corrugated aluminum was fastened to the structural frame 
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Fig. 9.22 Erection of curtain wall units one bay wide (Commonwealth Promenade Apartments 

Chicago, III.) 

and girts of the building with stainless self-tapping screws. Zee-bar spacers 
covered with insulating tape were attached on the outside of the sheets. 
Preparations for lifting the glass fiber insulation to the scaffold by rope and 
pulley hoist can be seen in 9.23a. The partially completed wall is shown 
(9.23b) with the interior facing in place, portions of the insulation clipped to 
it, and part of the exterior box-ribbed siding in place. A similar view il¬ 
lustrates the condition at the base of the wall (9.23c). The final step-the 
drilling of the exterior facing and the zee bars—prepares for the insertion 
of self-tapping stainless screws to hold the facing in place (9.23d). The com¬ 
pleted wall weighs about 1 psf, is less than 3)4 in. thick, has a U value of 
0.16, and costs a little more than $1.00 per sq ft. 
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Fig. 9.23 Industrial curtain wall erection (Kaiser Rolling Mill, Ravenswood, W. Va.) 


CLEANING AND MAINTENANCE 


As the general contractor is the only man who has jurisdiction over all 
workmen and subcontractors, he is the only man who can enforce the pro¬ 
tective measures that will insure an undamaged curtain wall. He should 
therefore be specifically given this direct responsibility. Furthermore, the 
general contractor is the only individual who can logically assume the re¬ 
sponsibility for the final cleaning of the wall, since only he can prevent the 
possible depredations of all the trades. (The curtain wall subcontractor usu¬ 
ally finishes his work many months before the time for final cleaning.) 
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Although the general contractor must bear the responsibility for the pro¬ 
tection and final cleaning of the wall, he may sometimes require the curtain 
wall subcontractor to actually accomplish the work, on the logical grounds 
that the fabricator or erector of the wall is more familiar with the methods 
required. Or he might handle the cleaning with his own crew after a con¬ 
sultation on methods with the curtain wall fabricator, manufacturer, or 
erector. 

The method of cleaning curtain walls varies according to the type of mate¬ 
rials used. Specific methods of cleaning are listed with the general discus¬ 
sions of the materials themselves. In general, if excess sealants or other 
pieparations are cleaned up by the contractor immediately after erection, 
the final cleaning will consist simply of washing the wall surfaces with clear 
water and cleaning the glazing in the usual manner. If they are severely 
stained, any of the materials used in curtain wall work may be washed with 
mild soap and clear water with soft brushes. All cleaning with soap should 
be followed immediately with clear water rinses to remove all traces of the 
soap. When cleaning with soap and water is not sufficient, the methods 
recommended for specific materials can be applied, but the supplier of the 
materials should always be consulted. 

Routine maintenance of the curtain wall may consist of periodically wash¬ 
ing down the entire wall (along with the windows) with soap and water. For 
some walls (generally those on buildings located in rural areas) there is very 
little dirt accumulation, and a minimum of housekeeping maintenance will 
be required. In buildings located in industrial or urban areas or on the sea- 
coast, frequent cleaning may be necessary to maintain the wall’s original 
appearance. In predominantly glass buildings equipped with window-clean¬ 
ing platforms similar to the one shown previously in Fig. 3.35, the additional 
labor and cost for cleaning metal portions of the wall may be very small. In 
other structures the cost of such maintenance may be reason for rejecting a 
particular wall as economically unfeasible. 

Major maintenance or repair of curtain walls is a subject that has had 
ittle attention. This is not to say that the problem is unrecognized, but the 
tact remains that relatively few walls have been designed for easy removal 
and repair or replacement of defective or damaged parts. Few currently 
used components can be effectively rehabilitated while still in the wall. 
Nor can they be removed from the wall except with the greatest difficulty. 
Units erected from the interior ordinarily have fasteners in positions im¬ 
possible to reach without tearing up the edge of the floor or the backup. 
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Units erected from the outside could be more easily removed were it not 
for the need for scaffolding or other devices. In this role, the window-clean- 
ing platform might prove to be of great value, serving an additional function 
that would help to justify its cost. 

A question related to maintenance is that of salvageability or re-use of 
panels or components. This consideration does not usually affect choice of 
a wall type, but for installations erected for temporary purposes, it might be 
a very important one. Many types of curtain walls might satisfy this require¬ 
ment. Most standard industrial walls should have good possibilities for 
salvage as well as many stock walls of other types. 

Of course, custom walls would have little or no re-use value unless a 
second building were specifically designed for them. Even then, much of the 
wall would probably be damaged beyond repair during removal from the 
original structure. 


COSTS 


Potentially, the contemporary curtain wall is less expensive (as well as a 
better wall) than older types. Curtain walls lend themselves readily to mod¬ 
ern production methods. Not only do they conserve space within a building, 
they are also lighter than other walls and thus permit savings in the struc¬ 
tural system right down to the foundations. Their rapid erection makes 
possible earlier occupation and rental of the premises, reduced financing 
costs, and other economies. Their handling and shipping costs may be much 
lower than those of other materials. 

Actually, the construction costs of curtain walls vary considerably, accord¬ 
ing to the materials used, the stock or custom parts employed, the height 
of the building, the supplementary attachments (such as sun shields and 
louvers), the lelative complexity of the system, the variations in sizes and 
types of components required, and other similar factors. 

The erection of units from inside the building will generally prove much 
less expensive than erection from the outside. Shop fabrication and as¬ 
sembly of all types usually costs less than field fabrication or assembly. Total 
costs of the curtain wall rise sharply if fireproofing backups are required, not 
only because of the extra cost of the backup itself, but also because of the 
extia time required and the more involved wall erection operations needed. 
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Costs are increased by delays due to late delivery of wall units, inaccurate 

or faulty layout of the bench marks for the wall, jurisdictional disputes, and 
other difficulties. 

Although the original costs of curtain walls vary considerably (sometimes 
more but often less than older types of walls), the long term costs of the 
well-designed new walls are almost invariably less than for other types. 
Some degree of maintenance of curtain walls will most certainly be neces¬ 
sary, but there is little reason to believe that it will be more costly than that 
required for masonry or other wall types. The maintenance, cleaning, reseal¬ 
ing and replacement of glazing is no more a problem in curtain than in other 
walls. The cost of maintenance of the facing and other components would 
appear to be about equal to or lower than that for conventional walls In the 
controlled-atmosphere building, the cost of heating and cooling the interior 
has become one of the most important cost factors. In this respect, the cur¬ 
tain wall, with its excellent insulating qualities, is vastly superior to the ordi¬ 
nary wall. Of course, if the major portion of the wall area is glass, the savings 
due to an insulating wall become less significant. The following is a rough 
comparison of the insulating qualities of curtain wall panels to those of 
masonry and glass (for walls erected in New York): 


MATERIAL 


Single plate glass 
Masonry (4-hr wall) 
Double glazing 


HEAT LOSS PER AVERAGE HEATING SEASON 

('Compared to the loss of insulated 
curtain wall) 

10 X loss of wall 
5 X loss of wall 
5 X loss of wall 


More graphically, the extra costs of the heat required to replace heat loss 
through the various materials may be shown by examining a typical New 
York multi-story office building. Assuming an average cost of $0.15 per 
therm of heat (100,000 Btu) and 100,000 sq ft of exterior wall, the loss per 
leating season through an all-glass wall (single sheet) would be $20,000. If 
t le wall consisted entirely of 4-hr masonry, or were double-glazed, or were 
a combination of the two, the loss would be halved ($10,000 per heating 
season). For a windowless curtain wall, the loss would be cut to $2,000 per 
heatmg seas ° n . The figures given are quite shocking, but a similar examina¬ 
tion of the heat gain during the cooling season would be even more shocking 
The cost of removing heat in New York with the usual electrical compressor 
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equipment averages about $1.00 per therm. To further darken the picture, 
it has been estimated that the first cost of the heating and air-conditioning 
equipment for our hypothetical building could be raised $1,000,000 or more 
by changing from a windowless insulated curtain wall to a 4-hr masonry 
wall, double-glazed wall, or a combination of the two. A further change to 
an all-single-glass wall would raise the cost of the mechanical equipment 
another $200,000. 

It is difficult to obtain cost figures that may be compared in a valid man- 
ner. Direct costs of the wall, including windows, insulation, facings, and the 
like, must be considered, but there are also important indirect costs. These 
include such factors as the effect of the wall on the structure, the founda¬ 
tions, mechanical systems, fire insurance, and the like. 

At the present time, the cost to install an aluminum or glass curtain wall 
may be as little as $3.00 or as much as $15.00 per square foot of wall surface. 
The price ranges of curtain walls of other materials are equally wide. A 
few types cost even more. Some industrial and other systems may be in¬ 
stalled for less than $3.00 per sq ft. 

The price for a particular installation will depend on the variables listed 
previously. Curtain wall costs almost exactly parallel the costs of other walls. 
No one can expect to get a marble or granite veneer on a masonry backup 
for the same price as concrete block. In practice, it will be found that all 
types of walls may be obtained in various combinations and that prices will 
vary in direct relation to the type of materials chosen, the details used, and 
other aspects discussed here. 


TESTS 


The testing of curtain wall assemblies has not been very well organized. 
For the most part, it has been based on tests originally developed for other 
products, such as windows or experimental panels for low-cost houses. Add¬ 
ing to the confusion is the lack of accepted criteria and the almost complete 
dearth of assembly standards. 

Tests and standards do exist, however, for many components. These are 
valuable as far as they go and should be used. Yet even for many of the com¬ 
ponents for which valid tests exist, no criteria have been generally accepted 
for applying them to curtain walls. This situation has left many conscientious 
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curtain wall suppliers in the peculiar position of having to determine 
whether their products are acceptable without knowing what constitutes an 
acceptable product. 

Many existing standards and tests now in use or applicable to curtain wall 
components are listed in Appendix D. Others are mentioned or described 
elsewhere, in conjunction with the materials involved. 

The major tests now being conducted upon complete wall assemblies are 
the following: 

1. Fire-ASA Standard A 2.1-1956 (ASTM E 119-55) 

2 . Thermal conductivity-ASTM C 177-45 and C 236-54T 

3. Strength—ASTM E 72-54T 

4. Accelerated aging—ASTM D 1037-52T 

5. Weather—Generally in accordance with the standards set up for alu¬ 
minum windows by the Aluminum Window Manufacturers Association. 

None of these tests were originally developed for curtain wall evaluation, 
but all have some degree of validity. It is recommended that these or similar 
tests be applied to all curtain wall assemblies, that the tests listed in Ap¬ 
pendix D be applied to the appropriate components, and that the informa¬ 
tion gathered be made available to everyone involved in curtain wall design. 
Valid criteria and tests meant specifically for curtain walls will undoubtedly 
result. 

The fire test has been described in some detail in Chap. 2. The thermal 
conductivity tests and strength tests are similar to the types used to evaluate 
other materials. The accelerated aging test subjects the product to various 
cycles of high and low temperature and changing humidities. The weather 
test subjects it to calculated wind pressures and simulated blowing rain in 
order to determine framing member deflection and the infiltration of wind 
and water. 

In the usual test, sample mockup wall sections are subjected for approxi¬ 
mately 12 minutes to a wind of 100 -mph velocity (produced by a propeller 
and creating a mean dynamic pressure on the panel face of at least 20 psf), 
with a minimum of 2 % gal per hr per sq ft of wall area of finely dispersed 
water sprayed on the surface. The allowable water infiltration varies accord¬ 
ing to the criteria set up, or according to window type if AWMA specifica¬ 
tions are followed. The allowable deflection is usually ^375 of the span of a 
member for windows. Equivalent pressures corresponding to various wind 
velocities are calculated by the use of Marvin’s formula, P = 0.004V 2 , in 
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which P is the pressure (in pounds per square foot) and V is the velocity (in 
miles per hour). This formula yields somewhat higher pressures than 
Emswiler s formula, P = 0.00249V 2 , which is widely used for static window 
testing (Fig. 9.24). 


wall testing 


Fig. 9.24 Curtain 


SPECIFICATIONS 


Standard specifications are listed in Appendix D. Suggested outline speci¬ 
fications for individual curtain wall materials appear with the discussion of 
each material. 

The specification for curtain wall work should be prepared as a separate 
section of the general building specification because of the extremely com¬ 
plicated and specialized nature of this work. This specification ought to in¬ 
clude clear references to the work it excludes as well as includes. On the 
whole, it is recommended that all items directly and integrally connected 
with the furnishing of the wall, its erection, adjustment, weatherproofing, 
and cleaning be included. 

The responsibility for acceptable execution of all work should rest directly 
on the general contractor, and through him on a single curtain wall subcon¬ 
tractor, in order to avoid divided responsibility. If the curtain wall supplier 
chooses to purchase components from other sources, the supplier of these 
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components may have a responsibility to the wall subcontractor, but the re¬ 
sponsibility to the owner cannot be divided among several concerns. 

An outline of the type of specification believed best to insure realistic cur¬ 
tain wall bids and competent fabrication and erection follows: 


SECTION 
CURTAIN WALL 


1. GENERAL CONDITIONS 

The General Conditions of the Contract for the Construction of Buildings, 
latest edition, standard form of the American Institute of Architects, are by 
reference made part of this section. 

2. SPECIAL CONDITIONS 

(Note here any applicable special conditions.) 

3. SCOPE OF THE WORK 


Furnish all labor, material, and other services for the complete fabrication 
and erection of the curtain wall system and all accessories shown, specified, or 
required. (A reference to specific manufacturers may be included here. For very 
complicated wall systems, a simple list of major assemblies and components 
might be included.) 

4. MATERIALS 

(Refer to Chap. 5, 6, 7, and 8 for suggested specifications for particular 
materials. Refer to standards whenever possible.) 

5. FINISHES 

(Describe colors, textures, and the like.) 

6. COMPONENTS TO BE FURNISHED 


(Describe frames, facings, insulation, windows, glazing, flashing, attaching 
devices, trim, door frames, ornamental louvers, solar devices, window stools, 
sealants, weatherstrips, and all other components to be furnished.) 

7. RELATED WORK NOT INCLUDED IN THIS SECTION 

(List related components to be furnished and installed under other sec¬ 
tions, for example: heating or air-conditioning work adjacent to the wall, water¬ 
proofing of masonry, final cleaning to be done by general contractor, insulation 
not attached to the curtain wall, fireproofing backup, store fronts, interior paint¬ 
ing of facings or other components.) 

8. WORKMANSHIP 


(Specify requirements and quality of workmanship acceptable. This item 
may often be referred to performance standards.) 

9. PROTECTION OF WORK 


(Acceptable standards required for protection of work and patching or 
rehabilitation of damage to be allowed.) 

10. SAMPLES 

(Samples to be furnished, when applicable. For cast work and ornamental 
work of other types, models may be required.) 
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11. SHOP DRAWINGS 

(Well-detailed shop drawings are of the utmost importance to insure cor¬ 
rectly functioning curtain walls.) 

12. MEASUREMENTS AND ALIGNMENT 

(It is considered highly desirable to specify the method of establishing 
bench marks, levels, and lines for guidance in erection. The services of a quali- 
fied engineer are recommended.) 

13. CLEANING 

(Cleaning to be accomplished by the curtain wall subcontractor immedi¬ 
ately after erection. Specify the procedure to be followed to insure proper job ) 

14. GUARANTEE r r J •/ 

(Ordinarily the usual guarantee is for one year after final acceptance, but 
there is some tendency toward longer guarantees for certain wall components, 
such as sealants and panel facings, and demands are being made for longer 
guara n tees for the entire wall.) 5 








CHAPTER 10 


The Future 


The data on curtain walls discussed here and the wall studies available 
from many organizations and individuals active in the field make it quite 
clear that we still have much to learn. It is equally plain that the contempo¬ 
rary curtain wall has only begun to evolve. Valuable and exciting changes 
seem likely. More prosaic changes will inevitably take place too. It is the 
purpose of this chapter to take a glimpse at some of the possibilities. 

MATERIALS 


Many of the exciting curtain wall developments thus far have involved 
improved materials. Some of these have been adaptations or modifications 
of existing materials to serve new purposes. Many additional developments 
are now on the way. The following are some of the most promising. 

PLASTICS 

Stronger, lighter plastics in great variety are now under development. The 
syntactic foams (Chap. 6) are an example. When these become economically 
feasible they will help fulfill requirements for light, versatile, strong cores. 
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Foamed-in-place walls are a definite possibility. Intumescent paints, which 
swell up and foam when catalysts are added, will soon be available for 
insulation and soundproofing. 


GLASS 

Many new types of glass are now being developed and placed on the 
market. The most exciting is Pyroceram. Now in use for guided missile 
radomes, Pyroceram is glass that has been transformed to a crystalline state 
with a molecular structure similar to that of metals. The new material weighs 
less than aluminum yet possesses greater strength, even approaching that of 
steel. Its abrasion resistance is almost 25 times greater than that of ordinary 
glass. Changed radically from the usual glass, Pyroceram still maintains the 
particularly important quality associated with ordinary glass—its trans¬ 
parency. 

METALS 

While the glassmakers discovered metal-like Pyroceram, the metal pro¬ 
ducers have been working toward transparent metal alloys. Although not yet 
on the market, translucent types have been produced. Other new alloys with 
extiemely varied characteristics are constantly under development_for ex¬ 

ample, Alcoa’s new silicon-magnesium-aluminum alloy, which may be an¬ 
odized (clear or in colors), resulting in a highly polished reflective surface 
similar to those of chrome-plated metals. Other developments include 
foamed aluminum, a light material that, when mass produced, will be as 
cheap and easily worked as lumber. 

CONCRETE 

While research in prestressing and poststressing of members in light- 
weight concretes (and in similar fields) goes on continuously, the most basic 
deficiency of concrete, its tendency to crack, is also being subjected to close 
scrutiny. Results thus far indicate that the first few hours after pouring are 
the most critical. It has been found that gentle external compression forces 
may be induced to resist the tensile stresses set up by shrinkage. The result 
is a virtually crackless concrete. The process, called densing, produces 
higher tensile strengths in the finished products.. 
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RESEARCH 

Much new research, basic and applied, is under way. Combinations of 
materials, such as “alloys” of plastics and metals, are being examined. The 
manner in which materials behave in their crystalline, atomic, and sub¬ 
atomic states is under close observation in the light of the latest atomic 
knowledge and theory. 


NEW JOBS FOR THE CURTAIN WALL 


Because of the complexity and confusion that already exists, the apparent 
trend of curtain walls to become even more complex may be easily over¬ 
looked. Many developments are now under way that point toward added 
functions for future walls. It is likely that they will assume some purely 
structural functions, and also a number of mechanical functions now being 
handled in other ways. 

The present jobs preformed by curtain walls are outlined in Chap. 2 and 
elsewhere. To these, in all probability, will be added the responsibilities of 
providing heating-cooling sources, lighting, wiring (perhaps with printed 
circuits similar to those used in some radios and television sets), and inter¬ 
communication and music systems. Innumerable other subsidiary functions 
may also be incorporated. The trend is definitely toward a flexible type of 
wall which the designer can manipulate at will to perform a variety of jobs. 
Of course, ceilings and floors will undoubtedly share with the walls the 
responsibility for mechanical and electrical functions. 

The future also should bring larger units that have been more completely 
and efficiently fabricated under production-line controls. The only job left 
to the erector will be to anchor them in place and connect their mechanisms. 
Only in this way can we fully realize the potentials of the production line 
and of automation. 

A lighting system now in the experimental stage is shown in Fig. 10.1. 
Called electroluminescence, the new system is based on the ability of a layer 
of phosphors, such as those which coat television picture tubes, to emit 
visible light. High-voltage alternating current is passed between the two 
conductive plates sandwiching the phosphors, exciting them and producing 
light. Discovered in 1936, electroluminescence is not yet a completely prac¬ 
tical light source, but the near future should bring it into greater use. It is 
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predicted that this system will eventually become one of the major types of 
lighting. Not only does the development open up great possibilities for 
sources of area rather than point lighting, but it seems particularly well 
adapted to production-line fabrication, to architectural uses in general,and 
to the contemporary curtain wall in particular. 

An experimental type of heating and cooling called thermoelectric heat¬ 
ing and cooling operates on a principle known as the Peltier effect, in which 
the passage of electrical current from one metal to a dissimilar one produces 
heat at the joint, but removes it when the current direction is reversed (in 
effect, producing cooling). The system is shown schematically in Fig. 10.2. 
According to the general thermoelectric principle (10.2a), cooling or heating 
is produced at the joints when the current passes from metal a into metal b 
through the contact metal for heating and from b into a through the contact 
for cooling. The contracts can be so arranged (10,2b) that all cooling takes 
place inside the building and the heating outside. The current may then be 
reversed for interior heating (10.2c), with cooling confined to the exterior. 

These processes are only two examples of the many types of new pro¬ 
cedures and methods now being developed. Many others are on the way. 
All seem to share the prevalent tendency toward simplification of parts, re¬ 
liance on production-line fabrication, and use of modem atomic, physical, 
and chemical theory. 

Although the curtain wall of the future seems destined to have much 
more complex functions than at present, the majority of the newer processes 
operate in much simpler ways. This can conceivably lead to a multi-purpose 
wall composed of very simple factory-constructed parts. 
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Fig. 10.2 Thermoelectric heating and cooling 

URGENT CURRENT NEEDS 


Many of the most critical problems involve the joints. But much research 
is urgently needed on the following subjects as well: 

1. Methods of firestopping between the floor and the walls and of fire¬ 
proofing the fasteners and joints efficiently 

2. The problems of packaging, shipping, and storage at the site 

3. Standards and tests prepared specifically for curtain walls 

4. Acceptable criteria for the evaluation of the tests 

5. Weathering, performance, and permanence of materials 

6 . The requirements of complete assemblies (as opposed to particular 

components) r 

7. More extensive data on wind loading and other results of wind, such as 
water column effects 

8 . Dimensional tolerances of materials and assemblies. 

Other suggestions advanced by authorities for improving the curtain wall 
picture are as follows: 
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t ^ ■ The creation of a new curtain wall trade association embracing all 

allied fields 

2 . Availability of curtain wall specialists (consultants) for work with the 
industry as independent professionals 

3. Development of skilled erection crews 

4. Greater cooperation between all concerned, including manufacturers, 
consultants, architects, erectors, the construction industry, and allied in¬ 
dustries 

5. Greater economies in construction. 

RESPONSIBILITY FOR THE CURTAIN WALL 


Who should be responsible for the complete curtain wall? This question 
has plagued the industry from the start. Complaints from panel manufac¬ 
turers have often been directed against the window manufacturers, whcJ, in 
the beginning, found themselves in the somewhat enviable position of being 
able to adapt standard window frames to receive various sorts of panels. 
This turned out to have all of the disadvantages of typical stop-gap pro¬ 
cedures, but it allowed some window manufacturers to obtain a large part 
of the early business simply by buying panels and inserting them in their 
standard steel or aluminum windows by methods much like those used in 
glazing. The resulting installations generally have functioned with only a 
fair degree of success. A few have been notably unsuccessful and have left 
some unpleasant memories. 

Some window manufacturers, not satisfied with the insertion of panels 
into more or less standard sash with glazing compound and glazing beads, 
developed special panels in cooperation with panel manufacturers. For the 
most part, even the special panel designs have been forced to fit sash that 
were of predetermined design and therefore quite inflexible. The results have 
been only partial solutions of the curtain wall problem, and many of its 
benefits have been diminished, if not lost entirely. 

Since this situation led to improperly functioning walls, it also inevitably 
resulted in recriminations between panel suppliers and window manufac¬ 
turers. When a failure occurred, the causes all too often involved subtleties 
m wall design. With panels sometimes hurriedly designed, improperly de¬ 
tailed, and inserted into standard or near-standard frames originally in¬ 
tended for other purposes, the walls often leaked or the facings warped; the 
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caulking fell out; glass broke under temperature stresses, and other failures 
occurred. When the owner or architect attempted to have the situation cor¬ 
rected, he found that everyone involved pointed his finger at the next man 
in line. This could mean quite a few people, since some early curtain walls 
had their frames manufactured by one firm and installed by another, their 
panels made by a third concern and installed by a fourth, while a fifth group 
glazed the wall and a sixth sealed it. In a few wall projects, the participants 
exceeded even this number. The result was a comedy of errors in which no 
one concern assumed the responsibility for the entire wall, unless it was the 
general contractor. In all probability, he knew next to nothing about the 
new walls. 

Poor cooperation based on scanty knowledge is only one among the many 
causes of inefficient curtain walls. Other examples could be cited. On the 
other hand, there are many instances of almost perfect cooperation between 
the various suppliers and erectors. Unfortunately, a few failures or instances 
of faulty cooperation are enough in themselves to taint the entire industry 
in some degree. 

At the present time, no manufacturer is able to furnish from his own 
plant all components necessary for a complete wall. As the wall consists of a 
large number of diverse parts and is becoming ever more complex in its 
functions, it is most probable that this state of affairs will continue. How¬ 
ever, curtain wall suppliers who are equipped to offer all components re¬ 
quired for a complete system and assume responsibility for the wall in all 
its aspects have come into existence. Such wall suppliers may have various 
organizational arrangements. Some of them manufacture frames and buy 
other components to complete the assemblies. Others subcontract erection, 
which may sometimes be the preferred method. 

The major difference between the newer setups and the previous situa¬ 
tion is the emergence of these suppliers who will eventually have the knowl¬ 
edge and equipment to put together functioning systems and take complete 
responsibility for them, from the first fabrication process right through erec¬ 
tion and the guarantees. For medium-to-large installations, it is difficult to 
imagine how the architect can accept less. However, if the architect insists 
on arbitrary or illogical changes in the manufacturer’s system, the curtain 
wall supplier cannot realistically take the complete responsibility or grant 
the full guarantees. In smaller installations, the architect may find that he 
must accept less than optimum conditions until designs made specifically 
for his purposes are developed and competent erection crews are locally 
obtainable, or until proper erection of the walls themselves is made easier. 
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THE STANDARD COMPONENT WALL 


At the present time, there is no system of wall components in existence 
that gives the architect an entire vocabulary of coordinated and flexible 
parts. Such a system would allow the designer to choose from among a 
variety of panels, facings, view elements, solar controls, ventilating units, 
spandrel and column covers, and other components possessing a wide range 
of colors, finishes, insulating qualities, patterns, and sizes. He could add or 
subtract parts almost at will, creating a wall from stock units, composed in 
an individual manner to perform only the functions required. 

It seems absolutely certain that a large part of the curtain wall future will 
involve this type of system, if only because of its lowering of costs, so neces¬ 
sary to the curtain wall field. It is one way toward proper utilization of pro¬ 
duction-line techniques. Eventually, it can lead to the development of 
systems for schools, residences, and other small buildings, as well as to walls 
for larger installations. 

The standard component wall system has been the subject of much 
theorizing and has consumed a vast amount of time, tracing paper, and 
pencil lead, but some basic changes in the approaches ordinarily taken to 
the problem must be brought about before the development can actually* 
get under way. In the first place, realistic criteria for the wall must be de¬ 
termined. Secondly, a broad knowledge must be gained of the whole system, 
its problems, and the problems in its individual parts. Then all of the partial 
solutions, revamped window frames, and other stop-gap designs must be 
thrown out completely to make way for fresh solutions unhampered by exist¬ 
ing assemblies originally intended for other uses. Only in this way can a 
functioning system be developed for this portion of the future market-the 
portion that will probably use a greater number of curtain walls than all 
other systems combined. 


THE WAY AHEAD 


Having traced the development of the contemporary curtain wall and ex¬ 
amined its uses, manufacture, and erection, we have arrived at a view of 
what it is today and what is in store for it in the near future. An attempt to 
conjure up a glimpse of its ultimate future should prove provocative. 


mm 
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It seems quite certain that the curtain wall is here to stay, at least for some 
time to come. Based on modern technology and a fit partner for the skeleton 
frame, it should last at least as long as the skeleton frame itself. Some 
thinkers see the walls as someday assuming the structural functions now 
performed by the frame, as in space structures and similar applications (Fig. 
10.3). In the immediate foreseeable future, changes will probably be con¬ 
fined to lefinements of existing methods and the further generalization of 
functions. New materials and techniques will undoubtedly come into being. 
The viitually unlimited possibilities for the appearance of the walls will be 
exploited fully (often, perhaps, in a vain attempt to satisfy the seemingly 
insatiable appetite of the public and designers alike for the new and 
different). 

Many architects who have resisted the new walls will eventually “come 
aiound, and the vast number of “look alike” buildings now in existence will 
be greatly augmented by others of the same breed. A vast number of build- 


Fig. 10.3 Space structure: Aluminum dome 
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ings will differ from each other only in color, surface conformation, and the 
relative slimness of the vertical and horizontal framing members. On every 
side will be heard the cry that all architecture is becoming mediocrity. 

The demand for more variety of design and appearance will continue to 
be heard on the one hand; on the other, equally demanding voices will be 
raised in favor of greater standardization. Both will be heeded by manufac¬ 
turers eager to obtain larger portions of the available work. 

Perhaps a few generalizations on the present state of affairs may lend 
some pattern to the seeming confusion. In the first place, it is impossible to 
go back to the “good old days” of strictly custom-designed buildings, each 
intended by its designer to be a large or small gem in its own right. Rapid 
and wide dissemination of ideas through our present-day communications 
systems has banished forever (or at least for some time to come) strict 
regionalism in architecture. Designers in most parts of the world now know 
within hours or days that a new material or technique has been developed, a 
new building designed. Within a short time thereafter, data and informa¬ 
tion on the new development have reached the most isolated areas of the 
globe. 

Rapid and efficient transportation have all but erased most economic ad¬ 
vantages formerly found in the use of local materials or regional methods of 
building. The contemporary architect must place almost complete reliance 
on manufactured building products as opposed to those found in usable 
form in nature. This has created a situation in which materials produced 
in different parts of the world are often almost exact duplicates. Perhaps it 
will be granted without further discussion that mass production is here to 
stay, and that we can only go in one direction from now on-toward more 
of the same. In general, mass-produced products of any kind are going to 
look and function alike. This is a truism that can be readily accepted by 
almost everyone. 

Refinement of detail has always had an important role in architecture. 
This is illustrated by the development of the Greek temple toward more 
perfect form and more exact proportion throughout its history. Similar 
courses of development might be traced in other historical architectural 
styles or movements. Standardization might be compared in many ways to 
this historical search for perfection. More obvious and perhaps equally im¬ 
portant reasons for standardization of curtain wall parts and components lie 
in the greater economy possible with such parts, the relative ease of detail¬ 
ing, and the assurance of more perfectly functioning walls. 
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Without attempting the almost impossible task of giving logic to the de¬ 
sire for variety, perhaps it will suffice for us to say only that architecture, in 
common with all the other arts, is created by individual men who possess 
vision. Such men must cooperate with each other in order to create a com¬ 
plex contemporary curtain wall or the infinitely more complex modern build¬ 
ing, but a mass consciousness has never been shown to exist. We are able 
to create only as individuals, since we have consciousness only as individ¬ 
uals. Men of vision cannot but recognize the awful boredom and sterility 
inherent in the endless repetition all over the world of forms that were often 
not particularly noteworthy at the start. Just as surely as some architects 
have sought refinement of detail in their buildings throughout the ages, 
others have eagerly sought the unknown, the new, the untried. 

Carried to its extreme, the endless search for refinement can only lead, 
at its lowest level, to a bare machinelike world fit for robots but not for 
human beings, or at a higher level to an exaggerated type of fastidiousness 
palatable only to the connoisseur. In either case, the resulting architecture 
will have been stripped of romance, adventure, and fun. These qualities may 
be considered trite, but they are still necessary. On the other hand, a single- 
minded quest after variety ultimately leads toward extravagance, senti¬ 
mentality, and finally vulgarity. 

Perhaps philosophies can be developed and methods found that can help 
solve the dilemma posed by the seemingly conflicting demands for more 
variety in walls (and in architecture, generally) on the one hand, and for 
more standardization on the other. By strict definition, the words variety 
and standardization are almost exact antonyms, so it may help in solving 
the problem to state the case another way, using other words. 

What we must seek in the design of curtain walls of the future is unity in 
diversity, multiformity in uniformity. This principle may well apply to all 
of the facets of architecture. The closer we come to an understanding of the 
over-all scheme of things, the nearer we approach a perception of the essen¬ 
tial qualities and functions of the curtain wall (or of architecture) in our 
time, the more surely we will be able to see that uniformity in nature is, in 
actuality, only a discipline, a set of rules, a definition of the limits of a par¬ 
ticular concept. Within the limits imposed, great multiformity or variation 
exists. When the multiformity bursts its bounds or escapes from the limits, 
a mutation takes place and a new species or form appears. 

Architecture seems to operate within similar bounds. A particular facet 
of the art, such as the curtain wall, is invented or evolves and awaits defini- 
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THE FUTURE 


tion, standards, imposition of limits, development of criteria. The curtain 
wall is now in this embryonic stage. When the limits become known, they 
free the designer from endless seeking after small answers and let him con¬ 
fine his best efforts to the great questions confronting him. Within those 
limits, the designer will find almost endless variety. When the designer 
comes to understand intimately the curtain wall problem, admits the limits, 
and works within them, he will be enabled to create significant contempo¬ 
rary walls in great variety. 
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Kaiser Rolling Mill, 9.23 Kaiser Engineers 1957 C.W.: Kaiser Aluminum & Chemical Aluminum industrial curtain 

Ravenswood, W.Va. Sales Corp. wall (job-assembled) 

Labor and Industry Build- 9.14 Lacy, Atherton & Davis 1957 Contr.: John McShain, Inc. Limestone panels and spandrels 

ing, Harrisburg, Pa. 
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TABLE 3. C VALUES 


Heat absorbed in glass. Used in determination of instantaneous rates of heat gain 
due to convection and reradiation gain for various fenestration 


Sun time 

North 



Values of C, 1 

Btu per hr per sq ft 



deg 

N 

NE 

E 

SE 

S 

sw 

W 

NW 

Horizont 

5 A.M. 


0 

0 

1 

0 

0 

0 

0 

0 

0 

6 


4 

16 

18 

9 

1 

1 

1 

1 

3 

7 


2 

24 

30 

20 

2 

2 

2 

2 

11 

8 


2 

22 

33 

25 

2 

2 

2 

2 

21 

9 


2 

16 

30 

29 

8 

3 

3 

3 

32 

10 


3 

5 

25 

27 

14 

3 

3 

3 

37 

11 


3 

3 

12 

21 

18 

3 

3 

3 

42 

12 

40 

3 

3 

3 

15 

19 

12 

3 

3 

45 

1 P.M. 


3 

3 

3 

3 

19 

22 

10 

3 

44 

2 


3 

3 

3 

3 

16 

27 

24 

4 

41 

3 


3 

3 

3 

3 

10 

30 

31 

15 

35 

4 


3 

3 

3 

3 

4 

29 

36 

23 

26 

5 


2 

2 

2 

2 

2 

23 

34 

27 

17 

6 


4 

1 

1 

1 

1 

14 

24 

21 

6 

7 


0 

0 

0 

0 

0 

2 

3 

3 

1 


North 







North 





latitude, 2 







latitude, 2 




Sun time 

deg 

SE 

s 

sw 


Sun time 

deg 

SE 

s 

sw 

5 A.M. 


0 

0 

0 


5 A.M. 


2 

0 

0 

6 


7 

1 

1 


6 



13 

1 

1 

7 


18 

2 

2 


7 



22 

2 

2 

8 


22 

2 

2 


8 



28 

3 

2 

9 


24 

3 

3 


9 



30 

13 

3 

10 


22 

5 

3 


10* 



31 

20 

3 

11 


16 

7 

3 


11 



27 

25 

5 

12 

30 

6 

9 

4 


12 


50 

20 

27 

17 

1 P.M. 


3 

9 

14 


1 P.M. 


9 

25 

26 

8 


3 

6 

21 


2 



3 

22 

32 

3 


3 

5 

27 


3 



3 

16 

33 

4 


3 

3 

26 


4 



2 

7 

31 

5 


2 

2 

21 


5 



2 

2 

26 

6 


1 

1 

11 


6 



1 

1 

17 

7 


0 

0 

0 


7 



0 

0 

7 


1 Values of C for 8 and 9 P.M. are zero. 

- For N, NE, E, W, NW, and horizontal, use 40-deg north latitude values. 
































APPENDIX C: ASSOCIATIONS, SOCIETIES, AND GOVERNMENT 

AGENCIES 


ADHESIVES 

Adhesives Manufacturers Association of 
America, 441 Lexington Ave., New York 
17, N.Y. 

ALUMINUM 

Aluminum Association, 420 Lexington Ave., 
New York 17, N.Y. 

Aluminum Window Manufacturers Asso¬ 
ciation, 75 West St., New York 6, N.Y. 

ASBESTOS CEMENT 

Asbestos-Cement Products Association, 509 
Madison Ave., New York 22, N.Y. 

BURNED-CLAY PRODUCTS 

Architectural Terra Cotta Institute, 1520 
18th St., N.W., Washington 6, D.C. 

American Tile Association, Guardian Build¬ 
ing, Detroit 26, Mich. 

Glazed Brick & Tile Institute, 1427 Eye St., 
Washington, D.C. 

National Terra Cotta Manufacturers Asso¬ 
ciation, 2 W. 45th St., New York, N.Y. 

Structural Clay Products Institute, 1520 
18th St., N.W., Washington 6, D.C. 

Tile Council of America, 800 Second 
Avenue, New York 17, N.Y. 

Tile Manufacturers Association, 1604 K St., 
N.W., Washington 6, D.C. 

CODES, STANDARDS, AND SPECIFICATIONS 

American Specifications Institute, 134 N. 
LaSalle St., Chicago 2, Ill. 

American Standards Association, Inc., 70 E. 
45th St., New York, N.Y. 

Building Officials Conference of America, 
Room 709, 110 E. 42nd St., New York 
17, N.Y. 

International Conference of Building Offi¬ 
cials, 601 S. Broadway, Los Angeles 14, 
Calif. 

National Board of Fire Underwriters, 
Underwriters Lab, 85 John St., New 
York 38, N.Y. 

National Fire Protection Association, 60 
Battery March St., Boston 10, Mass. 

National Safety Council, 425 N. Michigan 


Ave., Chicago 11, Ill. 

Southern Building Code Congress, Brown- 
Marx Building, Birmingham 3, Ala. 

CONCRETE 

American Concrete Institute, P.O. Box 
4754, Redford Station, Detroit 19, Mich. 

Mo-Sai Associates, Inc., P.O. Box 606, New 
Haven, Conn. 

National Concrete Masonry Association, 38 
S. Dearborn St., Chicago 3, Ill. 

Portland Cement Association, 33 W. Grand 
Ave., Chicago 10, Ill. 

COPPER ALLOYS 

Copper and Brass Research Institute, 420 
Lexington Ave., New York 17, N.Y. 

GLASS 

Plate Glass Manufacturers of America, 1211 
Rist National Bank, Pittsburgh, Pa. 

GOVERNMENT AGENCIES 

United States Department of Agriculture, 
Forest Products Laboratory, Madison 5, 
Wis. 

United States Department of Commerce, 
National Bureau of Standards, Washing¬ 
ton 25, D.C. 

INSULATION 

Insulation Board Institute, 111 W. Wash¬ 
ington St., Chicago 2, Ill. 

Perlite Institute, 45 W. 45th St., New York 
36, N.Y. 

Vermiculite Institute, 208 S. LaSalle St., 
Chicago 4, Ill. 

METALS 

Allied Building Metal Industries, 101 Park 
Ave., New York 17, N.Y. 

National Association of Architectural Metal 
Manufacturers, 228 N. LaSalle St., Chi¬ 
cago 1, Ill. 

PLASTICS 

Society of the Plastics Industry, Inc., 250 
Park Ave., New York 17, N.Y. 
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PORCELAIN ENAMEL 

Porcelain Enamel Institute, 1145 19th St., 
N.W., Washington 6, D.C. 

SEALANTS AND PAINTS 

National Paint, Varnish and Lacquer Asso¬ 
ciation, Inc., 1500 Rhode Island Ave., 
N.W., Washington 5, D.C. 

STEEL 

American Institute of Steel Construction, 
101 Park Ave., New York 17, N.Y. 

Formed Steel Tube Institute, Inc., 850 
Hanna Building, Cleveland 15, Ohio 

American Iron and Steel Institute, 150 E. 
42nd St., New York 17, N.Y. 

Steel Window Institute, Cheltenham, Pa. 

STONE 

American Granite Association, 221 Colum¬ 
bus Ave., Boston, Mass. 

Building Stone Institute, 180 E. Hartsdale 
Ave., Hartsdale, N.Y. 

Indiana Limestone Institute, Bedford, Ind. 

Marble Industiy of New York, 8 W. 40th 
St., New York, N.Y. 

Marble Institute of America, 108 Forster 
Ave., Mount Vernon, N.Y. 

National Building Granite Quarries Asso¬ 
ciation, Inc., 1028 Connecticut Ave., 
Washington 6, D.C. 

National Sandstone Association, 1125 
Builders Exchange Building, Cleveland, 
Ohio. 

SPECIAL RESEARCH 

Ceramic veneer curtain walls 

Structural Clay Products Research Founda¬ 
tion, Geneva, Ill. 


Metal curtain walls , steel windows , alumi¬ 
num extrusions, glass 

Arthur D. Little, Inc., 30 Memorial Drive, 
Cambridge 42, Mass. 

Sandwich panels and plastics 

Massachusetts Institute of Technology, 
School of Architecture and Planning, 77 
Massachusetts Ave., Cambridge, Mass. 

Stainless steel curtain walls 

Princeton University, School of Architec¬ 
ture, Princeton, N.J. 

Tile curtain walls 

Rutgers University, School of Ceramics, 
Tile Council of America Research Center, 
New Brunswick, N.J. 

TESTING 

American Society for Testing Materials 
1916 Race St., Philadelphia, Pa. 

Underwriters Laboratories, 207 E. Ohio St. 
Chicago 11, Ill. 


MISCELLANEOUS 

Acoustical Materials Association, 59 E 
55th St., New York 22, N.Y. 

American Institute of Architects, Depart¬ 
ment of Education and Research, 1735 
New York Ave., N.W., Washington 6, 

American Society of Heating and Air Con¬ 
ditioning Engineers, 62 Worth St., New 
York 13, N.Y. 

Building Research Institute, 2101 Constitu¬ 
tion Ave., Washington 25, D.C. 

Modular Service Association, 1010 Arling¬ 
ton St., Boston, Mass. 

Producers Council, Inc., 2029 K St., N.W., 
Washington 6, D.C. 
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ACOUSTICS 

American Standards Association 
Z 24.1 Acoustical Terminology 


ALUMINUM 

American Society for Testing Materials 

B 7 Compilation of Standards on Light 
Metals and Alloys 

B 85 Specification for Aluminum-Base 
Alloy Die Castings (tentative) 

B 108 Specification for Aluminum-Base 
Alloy Permanent Mold Castings 
(tentative) 

B 136 Method of Test for Sealing of An- 
odically Coated Aluminum 

B 137 Method of Test for Weight of 
Coating on Anodicallv Coated 
Aluminum 

B 179 Specification for Aluminum-Base 
Alloys in Ingot Form for Sand 
Castings, Die Castings, and Per¬ 
manent Mold Castings 

B 209 Specification for Aluminum and 
Aluminum-Alloy Sheet and Plate 
(tentative) 

B 211 Specification for Aluminum and 
Aluminum-Alloy Bars, Rods, 
and Wire (tentative) 

B 221 Specification for Aluminum and 
Aluminum-Alloy Extruded Bars, 
Rods, and Shapes (tentative) 

B 275 Recommended Practice for Codi¬ 
fication of Light Metals and 
Alloys, Cast and Wrought 
(tentative) 

B 296 Recommended Practice for Temper 
Designation of Light Metals and 
Alloys, Cast and Wrought 
(tentative) 


BURNED-CLAY PRODUCTS 

American Standards Association 

A 76.1 Specification for Structural Clay 
Nonloadbearing Tile 


A 83.1 Methods of Sampling and Testing 
Structural Clay Tile 

Architectural Terra Cotta Institute 

Standard Specifications for Furnishing and 
Erecting Architectural Terra Cotta and 
Ceramic Veneer (July 1955) 

CODES 

American Standards Association 

A 57.1 Specification for the Design, Fabri¬ 
cation, and Erection of Struc¬ 
tural Steel for Buildings 
A 41.1 Building Code Requirements for 
Masonry 

A 53.1 Building Code Requirements for 
Light and Ventilation 
A 58.1 Building Code Requirements for 
Minimum Design Loads in 
Buildings and Other Structures 
A 89.1 Building Code Requirements for 
Reinforced Concrete (A.C.1.318) 
A 9.1 Building Exits Code (NFPA 101) 
A 10.2 Safety Code for Building Con¬ 
struction 

American Society for Testing Materials 

Compilation of ASTM Standards in Build¬ 
ing Codes (March 1955) 

Building Officials Conference of America 

Basic Building Code (latest edition) 

National Board of Fire Underwriters 

National Building Code (latest edition) 

National Fire Protection Association 

National Fire Code: Vol. Ill, Building Con¬ 
struction and Equipment (latest edition) 

International Building Officials Conference 
(formerly Pacific Coast BOC) 

Uniform Building Code (latest edition) 

Southern Building Code Congress 

Southern Standard Building Code (latest 
edition) 


















APPENDIX D: STANDARDS —continued 


425 


CONCRETE AND RELATED MATERIALS 

American Concrete Institute 

ACI 613 Recommended Practice for the 
Design of Concrete Mixes 

ACI 614 Recommended Practice for Meas¬ 
uring, Mixing, and Placing 
Concrete 

ACI 704 Specifications for Cast Stone 

ACI Manual of Standard Practice for 
Detailing Reinforced Concrete 
Structures 

American Society for Testing Materials 

C 1 Compilation of Standards on Ce¬ 
ment (May 1954) 

A 305 Specification for Minimum Re¬ 
quirements for the Deformations 
of Deformed Steel Bars for Con¬ 
crete Reinforcement (tentative) 

C 33 Specification for Concrete Aggre¬ 
gates (tentative) 

C 85 Method of Test for Cement Con¬ 
tent of Hardened Portland-Ce- 
ment Concrete 

C 87 Method of Test for Measuring 
Mortar-Making Properties of 
Fine Aggregate 

C 173 Method of Test for Air Content 
(Volumetric) of Freshly Mixed 
Concrete (tentative) 

C 192 Method of Making and Curing 
Concrete Compression and Flex¬ 
ure Test Specimens in the Lab¬ 
oratory 

C 330 Specification for Lightweight Ag¬ 
gregates for Structural Concrete 
(tentative) 

C 331 Specifications for Lightweight Ag¬ 
gregates for Concrete Masonry 
Units (tentative) 

C 332 Specification for Lightweight Ag¬ 
gregates for Insulating Concrete 
(tentative) 

D 2 Method of Test for Abrasion of 
Rock by Use of the Deval Ma¬ 
chine 

D 289 Method of Test for Abrasion of 
Graded Coarse Aggregate by 
Use of the Deval Machine 


American Standards Association 

A 1.1 Specifications for Portland Ce¬ 
ment (ASTMC 150) 

A 1.16 Specifications for Air Entraining 
Portland Cement (ASTM C 
175) 

A-19 Method of Test for Void in Ag¬ 

gregates for Concrete (ASTM 
C 30) 

A 37.4 Method of Test for Amount of 
Material Finer than No. 200 
Sieve in Aggregates (ASTM C 
117) 

A 37.5 Method of Test for Specific Grav¬ 
ity and Absorption of Coarse 
Aggregate (ASTM C 127) 

A 37.6 Method of Test for Specific Grav¬ 
ity and Absorption of Fine Ag¬ 
gregate (ASTM C 128) 

A 37.7 Method of Test for Abrasion of 
Coarse Aggregate by Use of 
the Los Angeles Machine 
(ASTM C 131) 

A 37.8 Method of Test for Sieve Analysis 

of Fine and Coarse Aggregates 
(ASTM C 136) 

A 37.16 Method of Test for Unit Weight 
of Aggregate (ASTM C 29) 

A 37.17 Method of Making and Curing 
Concrete Compression and 
Flexure Test Specimens in the 
Field (ASTM C 31) 

A 37.18 Method of Test for Compressive 
Strength of Molded Concrete 
Cylinders (ASTM C 39) 

A 37.19 Method of Test for Organic Im¬ 
purities in Sands for Concrete 
(ASTM C 40) 

A 37.20 Methods of Securing, Preparing, 
and Testing Specimens from 
Hardened Concrete for Com¬ 
pressive and Flexural Strengths 
(ASTM C 42) 

A 37.21 Method of Test for Surface Mois¬ 
ture in Fine Aggregate (ASTM 
C 70) 

A 37.22 Method of Test for Flexural 
Strength of Concrete (Using 
Simple Beam with Third-Point 
Loading) (ASTM C 78) 

A 37.23 Method of Test for Soundness of 
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Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate 
(ASTM C 88) 

A 37.24 Method of Test for Compressive 
Strength of Concrete Using 
Portions of Beams Broken in 
Flexure (Modified Cube Meth¬ 
od) (ASTM C 116) 

A 37.25 Method of Test for Coal and Lig¬ 
nite in Sand (ASTM C 123) 

A 37.26 Method of Test for Flow of Port- 
land-Cement Concrete by Use 
of the Flow Table (ASTM C 
124) 

A 37.27 Method of Test for Weight per 
Cubic Foot, Yield, and Air 
Content (Gravimetric) of Con¬ 
crete (ASTM C 138) 

A 37.28 Method of Test for Clay Lumps 
in Aggregates (ASTM C 142) 

A 37.29 Method of Slump Test for Con¬ 
sistency of Portland-Cement 
Concrete (ASTM C 143) 

A 37.30 Method of Sampling Fresh Con¬ 
crete (ASTM C 172) 

A 37.69 Specifications for Ready-Mixed 
Concrete (ASTM C 49) 

A 37.75 Methods of Sampling Stone, Slag, 
Gravel, Sand, and Stone Block 
for Use as Highway Materials 
(ASTM D 75) 

A 50.1 Specifications for Billet-Steel Bars 
for Concrete Reinforcement 
(ASTM A 15) 

A 50.2 Specifications for Rail-Steel Bars 
for Concrete Reinforcement 
(ASTM A 16) 

A 50.3 Specifications for Cold-Drawn 
Steel Wire for Concrete Rein¬ 
forcement (ASTM A 82) 

A 80.1 Specifications for Hollow Non¬ 
loadbearing Concrete Masonry 
Units (ASTM C 129) 

A 84.1 Methods of Sampling and Test¬ 
ing Concrete Masonry Units 
(ASTM C 140) 

G 45.1 Specifications for Welded Steel 
Wire Fabric for Concrete Re¬ 
inforcement (ASTM A 185) 

Commercial Standard (U.S. Dept, of Com¬ 
merce) 


CS 53 Colors and Finishes for Cast Stone 

Federal Specifications 

SS-C-614 Concrete Units: Masonry, Hol¬ 
low 

National Bureau of Standards 
32-38 S.P.R. Concrete Building Units 

COPPER AND COPPER ALLOYS 

American Society for Testing Materials 

B 5 Compilation of Standards on Cop¬ 
per and Copper Alloys (Sept. 1954) 
B 30 Specification for Copper-Base Al¬ 
loys in Ingot Form for Sand 
Castings 

B 53 Specification for Silicon Copper 

B 97 Specification for Copper-Silicon 

Alloy Plate, Sheet, Strip, and 
Rolled Bar for General Purposes 
B 98 Specification for Copper-Silicon Al¬ 
loy Rod, Bar, and Shapes 
B 119 Classification of Cast Copper-Base 
Alloys 

B 122 Specification for Copper-Nickel- 
Zinc Alloy (Nickel Silver) and 
Copper-Nickel Alloy Plate, 
Sheet, Strip, and Rolled Bar 
(tentative) 

B 133 Specification for Copper Rod, Bar, 
and Shapes (tentative) 

B 147 Specification for High-Strength Yel¬ 
low-Brass (Manganese Bronze) 
and Leaded High-Strength Yel¬ 
low-Brass (Leaded Manganese 
Bronze) Sand Castings 
B 150 Specification for Aluminum Bronze 
Rod, Bar, and Shapes 

B 151 Specification for Copper-Nickel- 
Zinc Alloy (Nickel Silver) Rod 
and Bar 

B 152 Specification for Copper Sheet, 
Strip, Plate, and Rolled Bar 
B 169 Specification for Aluminum Bronze 
Plate, Sheet, Strip and Rolled 
Bar 

B 224 Classification of Coppers 
B 248 Specification for General Require- 
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ments for Wrought Copper and 
Copper-Alloy Plate, Sheet, Strip, 
and Rolled Bar (tentative) 

B 249 Specification for General Require¬ 
ments for Wrought Copper and 
Copper-Alloy Rod, Bar, and 
Shapes (tentative) 

B 283 Specification for Copper and Cop¬ 
per-Alloy Die Forgings (Hot 
Pressed) (tentative) 

American Standards Association 

H 7.1 Specifications for Copper and Cop¬ 
per-Base Alloy Forging Rod, 
Bar, and Shapes (ASTM B 124) 

Federal Specifications 

QQ-C-502a Copper Rods and Shapes; and 
Flat Products with Finished 
Edges (Flat Wire, Strips, 
and Bars) 

QQ-C-576a Copper Plates, Rolled Bars, 
Sheets, and Strips 

QQ-C-585 Copper - Nickel - Zinc Alloy 
Plate, Sheet, Strip, and 
Rolled Bar 

QQ-C-586 Copper - Nickel - Zinc Alloy 
Rods, Bars, and Shapes 

QQ-C-591a Copper-Silicon Alloy Bars, 
Plates, Rods, Shapes, 

Sheets, and Strips 

QQ-B-663 Aluminum Bronze Rods, Bars, 
Shapes, and Forgings 

QQ-B-667 Aluminum Bronze Plate, 

Rolled Bar, Sheet, and Strip 

Military Specifications 

MIL-B-15939 Wrought Aluminum Bronze 

MIL-C-17516 Copper-Silicon Alloy Bars, 
Plates, Rods, Sheets, 

Strips, Flat Wire, Wire 
Forgings, and Structural 
and Special Shaped Sec- 
tions 

FIRE PROTECTION AND TESTS 

American Standards Association 


A 2.1 Methods of Fire Tests of Building 
Constructions and Materials 
(ASTM E 119) 

National Bureau of Standards 

BMS 92 Fire Resistance Classifications of 
Building Construction and Sup¬ 
plements 

National Fire Protection Association 

80 Standard for Protection of Openings 
in Walls and Partitions (1941) 

251 Standard Methods of Fire Tests of 
Building Construction and Mate¬ 
rials (1955) 

255 Fire Tests for Fire Hazard Classifica¬ 
tion of Building Materials (1955) 


GASKETS AND SEALANTS 

American Society for Testing Materials 

D 11 Compilation of Standards on Rub¬ 
ber and Rubber-Like Materials 
(1955) 

D 5 Method of Test for Penetration of 
Bituminous Materials 

D 297 Methods for Chemical Analysis of 
Rubber Products (tentative) 

D 314 Method of Test for Hardness of 
Rubber (tentative) 

D 394 Methods of Test for Abrasion Re¬ 
sistance of Rubber Compounds 

D 395 Methods of Test for Compression 
Set of Vulcanized Rubber (ten¬ 
tative) 

D 429 Methods of Test for Adhesion of 
Vulvanized Rubber to Metal 
(tentative) 

D 430 Methods of Dynamic Testing for 
Ply Separation and Cracking of 
Rubber Products (tentative) 

D 518 Method of Test for Resistance to 
Light Checking and Cracking of 
Rubber Compounds 

D 570 Method of Test for Water Absorp¬ 
tion of Plastics (tentative) 

D 624 Methods of Test for Tear Resist¬ 
ance of Vulcanized Rubber 
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D 638 Method of Test for Tensile Proper¬ 
ties of Plastics (tentative) 

D 676 Method of Test for Indentation of 
Rubber by Means of a Durome- 
ter (tentative) 

D 729 Specification for Vinylidene Chlo¬ 
ride Molding Compounds (ten¬ 
tative) 

D 736 Method of Test for Low-Tempera¬ 
ture Brittleness of Rubber and 
Rubber-Like Materials (tenta¬ 
tive) 

D 746 Method of Test for Brittleness 
Temperature of Plastics and 
Elastomers by Impact (tenta¬ 
tive) 

D 794 Recommended Practice for De¬ 
termining Permanent Effect of 
Heat on Plastics 

D 795 Recommended Practice for Accel¬ 
erated Weathering of Plastics 
Using S-l Bulb and Fog Cham¬ 
ber 

D 797 Method of Test for Young's Modu¬ 
lus in Flexure of Natural and 
Synthetic Elastomers at Normal 
and Subnormal Temperatures 

D 813 Method of Test for Resistance of 
Vulcanized Rubber or Synthetic 
Elastomers to Crack Growth 
(tentative) 

D 926 Method of Test for Plasticity and 
Recovery of Rubber and Rub¬ 
ber-Like Materials by the Par¬ 
allel Plate Plastometer (tentative) 

D 927 Method of Test for Viscosity of 
Rubber and Rubber-Like Ma¬ 
terials by the Shearing Disk 
Viscometer (tentative) 

D 1149 Method of Test for Accelerated 
Ozone Cracking of Vulcanized 
Rubber (tentative) 

D 1203 Method of Test for Volatile Loss 
from Plastic Materials (tenta¬ 
tive) 

D 1207 Method of Test for Resistance to 
Aging of Vulcanized Rubber by 
Measurement of Creep (tenta¬ 
tive) 

D 1229 Method of Test for Low-Tempera¬ 
ture Compression Set of Vulcan¬ 
ized Elastomers (tentative) 


American Standards Association 

J 1.1 Methods of Sample Preparation for 
Physical Testing of Rubber Prod¬ 
ucts (ASTM D 15) 

J 2.1 Methods of Tension Testing of Vul¬ 
canized Rubber (ASTM D 412) 

] 3.1 Methods of Test for Adhesion of 
Vulcanized Rubber (Friction 
Test) (ASTM D 413) 

J 4.1 Method of Test for Accelerated Ag¬ 
ing of Vulcanized Rubber by the 
Oxygen-Pressure Method (ASTM 
D 572) 

J 5.1 Method of Test for Accelerated Ag¬ 
ing of Vulcanized Rubber by the 
Oven Method (ASTM D 573) 

Federal Specifications 

RR-S-366 Sieves: Standard, Testing 
VV-L-791 Lubricants and Liquid Fuels: 

General Specifications (Meth¬ 
ods for Sampling and Test¬ 
ing) 

Aluminum Window Manufacturers Asso¬ 
ciation 

Performance Specification, Elastic Glazing 
Compound for Metal Sash Face and 
Channel Glazing (1955) 

GLASS 

American Society for Testing Materials 

C 14 Compilation of Standards on Glass 
and Glass Products (April 1955) 
C 158 Method of Flexure Testing of 
Glass (Determination of Modu¬ 
lus of Rupture) 

C 162 Definition of Terms Relating to 
Glass and Glass Products 
C 169 Methods of Chemical Analvsis of 
Soda-Lime Glass 

C 240 Methods of Testing Structural 
Nonloadbearing Cellular Glass 
Blocks (tentative) 

C 336 Method of Test for Annealing 
Point and Strain Point of Glass 
(tentative) 
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C 337 Method of Test for Average Linear 
Expansion of Glass (tentative) 

C 338 Method of Test for Softening Point 
of Glass (tentative) 

Federal Specifications 

DD-G-476 Glass, Flat Glazing 

INSULATION, CORES, AND VAPOR BARRIERS 

American Society for Testing Materials 

C 163 Methods of Sampling and Mixing 
Thermal Insulating Cement 
C 164 Method of Test for Storage Density 
of Thermal Insulating Cement 
C 165 Method of Test for Compressive 
Strength of Preformed Block- 
Type Thermal Insulation 
C 166 Methods of Test for Covering 
Capacity and Volume Change 
Upon Drying of Thermal In¬ 
sulating Cement 

C 167 Methods of Test for Thickness and 
Density of Blanket or Batt-Type 
Thermal Insulating Materials 
C 193 Specification for 85-Per Cent Mag¬ 
nesia Thermal Insulating Ce¬ 
ment 

C 194 Specification for Asbestos Thermal 
Insulating Cement 

C 195 Specification for Mineral Wool 
Thermal Insulating Cement 
C 196 Specification for Expanded or Ex¬ 
foliated Vermiculite Thermal 
Insulating Cement 

C 197 Specification for Diatomaceous Sil¬ 
ica Thermal Insulating Cement 
C 203 Method of Test for Flexural 
Strength of Preformed Block- 
Type Thermal Insulation 
C 208 Specification for Structural Insulat¬ 
ing Board Made from Vegetable 
Fibers 

C 209 Methods of Testing Structural In¬ 
sulating Board Made from Vege¬ 
table Fibers 

C 220 Specification and Methods of Test 
for Flat Asbestos-Cement Sheets 
(tentative) 

C 303 Method of Test for Density of Pre¬ 


formed Block-Type Thermal In¬ 
sulation (tentative) 

C 343 Specification for Cellular Glass In¬ 
sulating Block (tentative) 

C 351 Method of Test for Mean Specific 
Heat of Thermal Insulation (ten¬ 
tative) 

C 352 Specification for Corkboard Ther¬ 
mal Insulation (tentative) 

C 353 Method of Test for Adhesion of 
Dried Thermal Insulating Ce¬ 
ments (tentative) 

C 354 Method of Test for Compressive 
Strength of Thermal Insulating 
Cement (tentative) 

C 355 Method of Test for Water Vapor 
Transmission of Materials Used 
in Building Construction (tenta¬ 
tive) 

E 96 Methods of Test for Measuring 
Water Vapor Transmission of 
Materials in Sheet Form (tenta¬ 
tive) 

Federal Specifications 

LLL-F-321b Conductivity 

SS-S-283a Expansion and Contraction 


LAMINATED PANELS AND ADHESIVES 

American Society for Testing Materials 

C 271 Method of Test for Density of Core 
Materials for Structural Sand¬ 
wich Constructions 

C 272 Method of Test for Water Absorp¬ 
tion of Core Materials for Struc¬ 
tural Sandwich Constructions 

C 273 Method of Shear Test in Flatwise 
Plane of Sandwich Construc¬ 
tions 

C 274 Definition of Terms Relating to 
Structural Sandwich Construc¬ 
tions 

D-14 Compilation of Standards on Ad¬ 
hesives (Sept. 1954) 

D 429 Methods of Test for Adhesion of 
Vulcanized Rubber to Metal 
(tentative) 

D 816 Methods of Testing Rubber Ce- 
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ments (tentative) 

D 897 Method of Test for Tensile Proper¬ 
ties of Adhesives 

D 898 Method of Test for Applied Weight 
Per Unit Area of Dried Adhe¬ 
sive Solids 

D 899 Method of Test for Applied Weight 
Per Unit Area of Liquid Adhe¬ 
sive Solids 

D 903 Method of Test for Peel or Strip¬ 
ping Strength of Adhesives 

D 904 Recommended Practice for Deter¬ 
mining the Effect of Artificial 
(Carbon-Arc Type) and Natural 
Light on the Permanence of Ad¬ 
hesives (tentative) 

D 905 Method of Test for Strength Prop¬ 
erties of Adhesives in Shear by 
Compression Loading 

D 907 Definitions of Terms Relating to 
Adhesives 

D 950 Method of Test for Impact Strength 
of Adhesives 

D 1002 Method of Test for Strength 
Properties of Adhesives in Shear 
by Tension Loading (Metal-to- 
Metal) (tentative) 

D 1062 Method of Test for Cleavage 
Strength of Metal-to-Metal Ad¬ 
hesives 

D 1084 Method of Test for Consistency of 
Adhesives (tentative) 

D 1144 Recommended Practice for Deter¬ 
mining Strength Development 
of Adhesive Bonds (tentative) 

D 1151 Recommended Practice for Deter¬ 
mining the Effect of Moisture 
and Temperature on Adhesive 
Bonds (tentative) 

D 1184 Method of Test for Strength of Ad¬ 
hesives on Flexural Loading 
(tentative) 

D 1337 Method of Test for Storage Life of 
Adhesives by Consistencv and 
Bond Strength (tentative) 

D 1338 Method of Test for Working Life 
of Liquid or Paste Adhesives by 
Consistency and Bond Strength 
(tentative) 

D 1344 Method of Testing Cross-Lap 
Specimens for Tensile Proper¬ 
ties of Adhesives (tentative) 


Federal Specifications 
MMM-A-175 

Military Specifications 

MIL-A-8331 (June 1953) 

ORGANIC COATING (PAINTS) 

American Society for Testing Materials 

D 1 Compilation of Standards on Paint, 
Varnish, and Related Products 
(Jan. 1955) 

D 15 Methods of Sample Preparation fo* 
Physical Testing of Rubber 
Products (tentative) 

D 658 Method of Test for Abrasion Re¬ 
sistance of Coatings of Paint, 
Varnish, Lacquer, and Related 
Products with the Air Blast 
Abrasion Tester 

D 822 Recommended Practice for Oper¬ 
ating Light and Water Exposure 
Apparatus (Carbon-Arc Type) for 
Testing Paint, Varnish, Lacquer, 
and Related Products (tentative) 

D 870 Method of Water Immersion Test 
of Organic Coatings on Steel 

D 968 Method of Test for Abrasion Re¬ 
sistance of Coatings of Paint, 
Varnish, Lacquer, and Related 
Products by the Falling Sand 
Method 

D 1005 Method for Measurement of Dry 
Film Thickness of Paint, Varnish, 
Lacquer, and Related Products 

D 1212 Methods for Measurement of Wet 
Film Thickness of Paint, Var¬ 
nish, Lacquer, and Related 
Products 

PLASTICS 

American Society for Testing Materials 

D 20 Compilation of Standards on Plas¬ 
tics (May 1954) 

D 542 Method of Test for Index of Re¬ 
fraction of Transparent Organic 
Plastics 
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D 568 Method of Test tor Flammability 
of Plastics 0.050 In. and Under 
in Thickness 

D 569 Method of Test for Measuring the 
Flow Properties of Thermo¬ 
plastic Molding Materials 
D 570 Method of Test for Water Absorp¬ 
tion of Plastics (tentative) 

D 620 Method of Test for Colorfastness 
of Plastics to Light 

D 621 Methods of Test for Deformation 
of Plastics Under Load 
D 634 Methods of Test for Product Uni¬ 
formity of Phenolic Laminated 
Sheets 

D 635 Method of Test for Flammability 
of Plastics Over 0.050 In. in 
Thickness 

D 636 Method of Test for Diffusion of 
Light by Plastics 

D 637 Method of Test for Surface Ir¬ 
regularities of Flat Transparent 
Plastic Sheets 

D 638 Method of Test for Tensile Proper¬ 
ties of Plastics (tentative) 

D 647 Specification for Molds for Test 
Specimens of Plastic Molding 
Materials (tentative) 

D 648 Method of Test for Heat Distor¬ 
tion Temperature of Plastics 
D 673 Method of Test for Mar Resistance 
of Plastics 

D 674 Recommended Practice for Long- 
Time Creep or Stress Relaxation 
Tests of Plastics Under Tension 
or Compression Loads at Differ¬ 
ent Temperatures (tentative) 

D 675 Nomenclature of Descriptive Terms 
Pertaining to Plastics (tentative) 
D 695 Method of Test for Compressive 
Properties of Rigid Plastics 
D 696 Method of Test for Coefficient of 
Linear Thermal Expansion of 
Plastics 

D 700 Specification for Phenolic Molding 
Compounds (tentative) 

D 701 Specification for Cellulose Nitrate 
(Pyroxylin) Plastic Sheets, Rods, 
and Tubes 

D 702 Specification for Cast Methacrylate 
Plastic Sheets, Rods, Tubes, and 
Shapes 


D 703 Specification for Polystyrene Mold¬ 
ing Compounds (tentative) 

D 704 Specification for Melamine-Formal¬ 
dehyde Molding Compounds 
(tentative) 

D 705 Specification for Urea-Formalde¬ 
hyde Molding Compounds 
D 706 Specification for Cellulose Acetate 
Molding Compounds (tentative) 
D 707 Specification for Cellulose Acetate 
Butyrate Molding Compounds 
(tentative) 

D 708 Specification for Vinyl Chloride 
Polymer and Copolymer Rigid 
Sheets (tentative) 

D 709 Specification for Laminated Ther¬ 
mosetting Materials (tentative) 

D 728 Specification for Vinyl Chloride- 
Acetate Resin Molding Com¬ 
pounds 

D729 Specification for Vinylidene Chlo¬ 
ride Molding Compounds (tenta¬ 
tive) 

D 731 Method of Test for Measuring the 
Molding Index of Thermosetting 
Molding Powder (tentative) 

D 732 Method of Test for Shear Strength 
of Plastics 

D 742 Specification for Nonrigid Vinyl 
Chloride-Acetate Resin Plastics 
(tentative) 

D 744 Specification for Nonrigid Vinyl 
Chloride Plastics (tentative) 

D 746 Method of Test for Brittleness 
Temperature of Plastics and 
Elastomers by Impact (tentative) 
D 747 Method of Test for Stiffness in 
Flexure of Plastics 

D 756 Methods of Test for Resistance of 
Plastics to Accelerated Service 
Conditions 

D 757 Method of Test for Flammability 
of Plastics, Self-Extinguishing 
Tvpe 

D 758 Method of Test for Impact Resist¬ 
ance of Plastics at Subnormal 
and Supernormal Temperatures 
D 759 Methods of Test for Tensile and 
Compressive Properties of Plas¬ 
tics at Subnormal and Super¬ 
normal Temperatures 

D 785 Method of Test for Rockwell Hard- 
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ness of Plastics and Electrical 
Insulating Materials 

D 788 Specification for Methacrylate 
Molding Compounds (tentative) 

D 789 Specification for Nylon Injection 
Molding and Extrusion Compo¬ 
sitions (tentative) 

D 790 Method of Test for Flexural Prop¬ 
erties of Plastics (tentative) 

D 792 Methods of Test for Specific Grav¬ 
ity of Plastics 

D 793 Method of Test for Short-Time 
Stability at Elevated Tempera¬ 
tures of Plastics Containing 
Chlorine 

D 794 Recommended Practice for De¬ 
termining Permanent Effect of 
Heat on Plastics 

D 795 Recommended Practice for Accel¬ 
erated Weathering of Plastics 
Using S-l Bulb and Fog Cham¬ 
ber 

D 796 Recommended Practice for Mold¬ 
ing Test Specimens of Phenolic 
Materials 

D 882 Methods of Test for Tensile Prop¬ 
erties of Thin Plastic Sheets and 
Films (tentative) 

D 883 Definitions of Terms Relating to 
Plastics (tentative) 

D 952 Method of Test for Bond Strength 
of Plastics and Electrical In¬ 
sulating Materials 

D 953 Method of Test for Bearing 
Strength of Plastics 

D 1003 Method of Test for Haze and Lu¬ 
minous Transmittance of Trans¬ 
parent Plastics 

D 1004 Method of Test for Tear Resistance 
of Plastic Film and Sheeting 
(tentative) 

D 1042 Method for Measuring Changes in 
Linear Dimensions of Plastics 

D 1043 Method of Test for Stiffness Prop¬ 
erties of Nonrigid Plastics as a 
Function of Temperature by 
Means of a Torsional Test 

D 1044 Method of Test for Resistance of 
Transparent Plastics to Surface 
Abrasion (tentative) 

D 1181 Method of Test for Warpage of 
Sheet Plastics (tentative) 


D 1201 Specifications for Polyester Mold¬ 
ing Compounds (tentative) 

D 1204 Method of Test for Measurement 
of Changes in Linear Dimen¬ 
sions of Nonrigid Thermoplastic 
Sheeting or Film 

D 1242 Methods of Test for Resistance to 
Abrasion of Plastic Materials 
(tentative) 

D 1248 Specification for Polyethylene 
Molding and Extrusion Mate¬ 
rials (tentative) 

D 1299 Method of Test for Shrinkage of 
Molded and Laminated Ther¬ 
mosetting Plastics at Elevated 
Temperature (tentative) 

D 1300 Specifications and Methods of Test 
for Laminated Thermosetting 
Decorative Sheets (tentative) 

American Standards Association 

C 59.11 Methods of Test for Impact Re¬ 
sistance of Plastics and Elec¬ 
trical Insulating Materials 
(ASTM D 256) 

C 59.16 Specifications for Laminated Ther¬ 
mosetting materials (ASTM D 
709) 


Commercial Standards ( U.S . Dept, of Com¬ 
merce) 

CS 156 Colors for Polvstvrene Plastics 
Military Specifications 


MIL-F-9084 

MIL-F-9118 

MIL-P-6886 

MIL-P-8013 

MIL-P-8184 

MIL-R-7575 


Fabrics: Woven Glass for 
Reinforced Plastic Lami¬ 
nates 

Finish: Glass Fabric for Re¬ 
inforced Plastic Laminates 

Plastic: Acrylic Sheet 

Plastic Materials: Glass Fab¬ 
ric Base, Low-Pressure 
Laminated 

Plastic: Acrylic Sheet Modi¬ 
fied 

Resin: Low-Pressure Lami¬ 
nating 
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PORCELAIN ENAMEL 

American Society for Testing Materials 

C 282 Methods of Test for Acid Resist¬ 
ance of Porcelain Enamels 

C 283 Method of Test for Resistance of 
Porcelain-Enameled Utensils to 
Boiling Acid 

C 284 Method of Test for Impact Resist¬ 
ance of Porcelain-Enameled 
Utensils (tentative) 

C 285 Method of Test for Sieve Analysis 
of Wet-Milled and Drv-Milled 
Porcelain Enamel 

C 286 Definition of Terms Relating to 
Porcelain Enamel (tentative) 

C 313 Method of Test for Adherence of 
Porcelain Enamel and Ceramic 
Coatings to Sheet Metal (tenta¬ 
tive) 

C 314 Method of Test for Warpage of 
Porcelain - Enameled Flatware 
(tentative) 

C 346 Method of Test for 45-Deg Specu¬ 
lar Gloss of Porcelain Enamels 
(tentative) 

C 347 Method of Test for Reflectivity and 
Coefficient of Scatter of White 
Porcelain Enamels (tentative) 

Porcelain Enamel Institute 

Recommended Standards for Manufacture 
of Architectural Porcelain Enamel (latest 
edition) 

Standard Specification No. 1 for Manufac¬ 
ture and Erection of Architectural Por¬ 
celain Enamel—Panel Type Units (latest 
edition) 

Tests: see listing in Chap. 6. 


STEEL 

American Society for Testing Materials 

A 176 Specification for Corrosion-Resist¬ 
ing Chromium Steel Plate, Sheet, 
and Strip 

A 177 Specification for High-Strength 
Corrosion-Resisting Chromium- 
Nickel Steel Sheet and Strip 


A 245 Specification for Heavy - Gage 
Structural - Quality Flat - Hot - 
Rolled Carbon Steel Sheets 
(tentative) 

A 246 Specification for Light-Gage Struc¬ 
tural-Quality Flat-Rolled Car¬ 
bon-Steel Sheets (tentative) 

A 262 Recommended Practice for Boiling 
Nitric Acid Test for Corrosion- 
Resisting Steels (tentative) 

A 286 Specifications for Heat-Treated Al¬ 
loy-Steel Bars (tentative) 

A 321 Specification for Heat-Treated Car¬ 
bon-Steel Bars (tentative) 

A 322 Specification for Hot-Rolled Alloy- 
Steel Bars (tentative) 

A 331 Specification for Cold-Finished 
Alloy-Steel Bars (tentative) 

A 364 Specification for Cold-Finished 
Heat-Treated Alloy-Steel Bars 
(tentative) 

A 366 Specifications for Cold-Rolled 
Commercial - Quality Carbon - 
Steel Sheet (tentative) 

A 370 Methods and Definitions for Me¬ 
chanical Testing of Steel Prod¬ 
ucts (tentative) 

A 380 Recommended Practice for Descal¬ 
ing and Cleaning Stainless Steel 
Surfaces (tentative) 

American Standards Association 

G 8.1 Specifications for Zinc (Hot-Galva¬ 
nized) Coatings on Structural 
Steel Shapes, Plates and Bars, 
and Their Products (ASTM A 
123) 

G 8.2 Specifications for Zinc-Coated 
(Galvanized) Iron or Steel Sheets 
(ASTM A 93) 

G8.12 Methods of Test for Weight of 
Coating on Zinc-Coated (Galva¬ 
nized) Iron or Steel Articles 
(ASTM A 90) 

G21.1 Specifications for Structural Rivet 
Steel (ASTM A 141) 

G 24.1 Specifications for Steel for Bridges 
and Buildings (ASTM A 7) 

G 53.1 Specifications for Electrodepos- 
ited Coatings of Zinc on Steel 
(ASTM A 164) 







434 


APPENDIX D: STANDARDS -continued 


STONE 

American Society for Testing Materials 

C 119 Definitions of Terms Relating to 
Natural Building Stone 

C 120 Methods of Flexure Testing of 
Slate (Modulus of Rupture, 
Modulus of Elasticity) 

C 121 Method of Test for Water Absorp¬ 
tion of Slate 

C 218 Method of Test for Combined Ef¬ 
fect of Temperature Cycles and 
Weak Salt Solutions on Natural 
Building Stone (tentative) 

American Standards Association 

A 93.1 Specifications for Indiana Lime¬ 
stone 

A 94.2 Specifications for the Support, 
Anchorage, and Protection of 
Exterior Marble Veneer 2 In. 
and Less in Thickness 

A 94.3 Specifications for Exterior Marble 
Used in Curtain or Panel Walls 


TESTING, GENERAL 

American Society for Testing Materials 

B 117 Method of Salt Spray (Fog) Testing 
(tentative) 

B 185 Method of Total Immersion Corro¬ 
sion Test of Non-Ferrous Metals 
(tentative) 

B 192 Method of Alternate Immersion 
Corrosion Test of Nonferrous 
Metals (tentative) 

B 287 Method of Acetic Acid-Salt Spray 
(Fog) Testing (tentative) 

C 236 Method of Test for Thermal Con¬ 
ductance and Transmittance of 


Built-Up Sections by Means of 
the Guarded Hot Box (tentative) 

D 523 Method of Test for Specular Gloss 
(tentative) 

D 791 Method of Test for Luminous 
Reflectance, Transmittance, and 
Color of Materials 

D 1037 Methods of Test for Evaluating the 
Properties of Building Boards 
(tentative) 

E 10 Method of Test for Brinell Hard¬ 
ness of Metallic Materials (tenta¬ 
tive) 

E 16 Method of Bend Testing for Ductil¬ 
ity of Metals 

E 18 Methods of Test for Rockwell 
Hardness and Rockwell Super¬ 
ficial Hardness of Metallic Ma¬ 
terials 

E 21 Recommended Practice for Short- 
Time Elevated - Temperature 
Tension Tests of Metallic Mate¬ 
rials 

E 23 Methods of Impact Testing of Me¬ 
tallic Materials (tentative) 

E 41 Definitions with Procedures Relat¬ 
ing to Conditioning and Weath¬ 
ering (tentative) 

E 72 Methods of Conducting Strength 
Tests of Panels for Building 
Construction 

WINDOWS 

American Standards Association 

A 39 Window Cleaning 

Aluminum Window Manufacturers Asso¬ 
ciation 

Specifications for Aluminum Windows (lat¬ 
est edition) 





APPENDIX E: HARDNESS CONVERSION TABLE 


Conversion values vary with variations in composition. These values should therefore be 

considered approximate. 1 



Brinell 


Rockwell 




c Scale B Scale 

Diameter, 

mm 

Hardness 

(150-kg load, 120-deg (100-kg load, V 1Q 

(3,000-kg load. 

10-mm ball) 

number 

diamond cone) diameter ball) 

2.20 


780 

70 

2.25 


745 

68 

2.30 


712 

66 

2.35 


682 

64 

2.40 


653 

62 

2.45 


627 

60 

2.50 


601 

58 

2.55 


578 

57 

2.60 


555 

55 

2.65 


534 

53 

2.70 


514 

52 

2.75 


495 

50 

2.80 


477 

49 

2.85 


461 

47 

2.90 


444 

46 

2.95 


429 

45 

3.00 


415 

44 

3.05 


401 

42 

3.10 


388 

41 

3.15 


375 

40 


Shore 


Scleroscope 

number 


106 

100 

95 

91 

87 

84 

81 

78 

75 

72 

70 

67 

65 

63 

61 

59 

57 

55 

54 

52 


3.20 363 38 

3.25 352 37 

3-30 341 26 

335 331 35 

3.40 321 34 


51 

49 

48 

46 

45 


345 311 33 

3.50 302 32 

3.55 293 31 

3.60 285 30 

3.65 277 29 


44 

43 

42 

40 

39 


3.70 

3.75 

3.80 

3.85 

3.90 

3.95 

4.00 

4.05 

4.10 

4.15 


269 

28 

262 

26 

255 

25 

248 

24 

241 

23 

235 

22 

229 

21 

223 

20 

217 


212 




38 


37 


37 


36 

100 

35 

99 

34 

98 

33 

97 

32 

96 

31 

96 

31 
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Brinell 


Rockwell 

Shore 

Diameter, mm 

Hardness 

C Scale B Scale 

(150-kg load, 120-deg (100-kg load, VWin. 

Scleroscope 

(3,000-kg load, 10-mm ball) 

number 

diamond cone) diameter ball) 

number 

4.20 

207 

95 

30 

4.25 

202 

94 

30 

4.30 

197 

93 

29 

4.35 

192 

92 

28 

4.40 

187 

91 

28 

4.45 

183 

90 

27 

4.50 

179 

89 

27 

4.55 

174 

88 

26 

4.60 

170 

87 

26 

4.65 

166 

86 

25 

4.70 

163 

85 

25 

4.75 

159 

84 

24 

4.80 

156 

83 

24 

4.85 

153 

82 

23 

4.90 

149 

81 

23 

4.95 

146 

80 

22 

5.00 

143 

79 

22 

5.05 

140 

78 

21 

5.10 

137 

77 

21 

5.15 

134 

76 

21 

5.20 

131 

74 

20 

5.25 

128 

73 

20 

5.30 

126 

72 

5.35 

124 

71 


5.40 

121 

70 


5.45 

118 

69 


5.50 

116 

68 


5.55 

114 

67 


5.60 

112 

66 


5.65 

109 

65 


5.70 

107 

64 


5.75 

105 

62 


5.80 

103 

61 


5.85 

101 

60 


5.90 

99 

59 


5.95 

97 

57 


6.00 

95 

56 



1 Developed by the Iron and Steel Division of the Society of Automotive Engineers. 












APPENDIX F: GAGE CONVERSION TABLE FOR SHEET MATERIALS 


Gage 

American, or Brown and 
Sharpe 

Birmingham, or Stubs' 
Iron Wire 

Size, in. 

U.S. Standard gage for sheet 
and plate iron and steel 
(revised) 

1 

0.289297 

0.300 

0.28125 

2 

0.257627 

0.284 

0.26563 

3 

0.229423 

0.259 

0.250 

4 

0.204307 

0.238 

0.23438 

5 

0.18194 

0.220 

0.21875 

6 

0.162023 

0.203 

0.20313 

7 

0.144285 

0.180 

0.1875 

8 

0.12849 

0.165 

0.17188 

9 

0.114423 

0.148 

0.15625 

10 

0.101897 

0.134 

0.14063 

11 

0.090742 

0.120 

0.125 

12 

0.080808 

0.109 

0.10938 

13 

0.071962 

0.095 

0.09375 

14 

0.064084 

0.083 

0.07813 

15 

0.057068 

0.072 

0.07031 

16 

0.050821 

0.065 

0.0625 

17 

0.045257 

0.058 

0.05625 

18 

0.040303 

0.049 

0.050 

19 

0.03589 

0.042 

0.04375 

20 

0.031961 

0.035 

0.0375 

21 

0.028462 

0.032 

0.03438 

22 

0.025346 

0.028 

0.03125 

23 

0.022572 

0.025 

0.02813 

24 
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A 

Abrasion resistance, 100 
Acid resistance; of porcelain enamel, 208 ff 
see also Corrosion, chemical 
Acoustics, 96 ff 
Adhesives; for plastics, 254 
in lamination of panels, 323 ff 
Advantages; of curtain walls, 5 ff 
aluminum, 141 f 
concrete, 275 f 

copper and copper alloys, 183 
glass, 238 

porcelain enamel, 218 ff 
stainless steel, 162 
stone, 288 
Age hardening, 105 

artificial; of aluminum, 136 

of copper and copper alloys, 177 
Aggregates, concrete, 258 f, 261 
Air conditioning, 25 ff, 70 ff 
comparative costs of, 389 f 
Air-entraining; of concrete, 270 
Aircraft; adhesion as assembly method, 323 f 
“Alclad,” 118 
Alcoa Building, 53, 99 
see also Appendix A 
Alloys; aluminum, 116 ff 
carbon steel, 185 
copper, 165 ff 
magnesium, 188 f 
stainless steel, 145 ff 
Aluminized steel, 189 
Aluminum, 115 ff 
appearance, 127 f 
classifications, 116 f 
design considerations, 143 f 
fabrication, 131 ff 
products, standard, 128 ff 
properties, 121 ff 
protection, 140 
specifications, 144 
testing, 141 

Aluminum bronze, 166 
Aluminum panels; erection of, 382 
production of, 374 


Aluminum Window Manufacturers Associa¬ 
tion; Performance Standards, 32, 391 f 
see also Appendix D 

American Concrete Institute; see Appendix D 
American Institute of Architects, 34 f 
American Iron and Steel Institute; curtain 
wall studies, 11,60,95, 111 ff 
American Society for Testing Materials; see 
Appendix D 

American Standards Association, 17 f 
see also Appendix D 
Annealing, 106 
aluminum, 136 
glass, 234 
stainless steel, 158 
Anodizing; aluminum, 140 
Appearance; of curtain walls, 37 ff, 402 ff 
see also entries under specific materials and 
Appendix A (for list of illustrations) 
Architects; see Appendix A and individual 
entries 

Architectural terra cotta; see Ceramic veneer; 

Masonry sun controls, clay 
Architectural Terra Cotta Institute; see Ap¬ 
pendix D 

Assembly; of curtain walls, 357 ff, 374 ff 
Associations; see Appendix C 
Atomic protection of buildings, 24 f 
Attachments; see Fasteners 


B 

Backup materials, 93 ff 
Bar; metal; aluminum, 129 
copper and copper-alloy, 174 f 
stainless steel, 155 f 
Basic Building Code, 20 
Bibliography; see Appendix H 
Bibliotheque Nationale, 3 
Binders, paint, 336 f 
Bolting, 344 ff 
aluminum, 136 

porcelain-enameled metals, 217 f 
stainless steel, 160 
Bonderizing, 186 f 
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Bonding; principles of adhesion, 325 
Brazing; aluminum, 136 

copper and copper alloys, 177 f 
porcelain-enameled metals, 217 
stainless steel, 158 
Breuer, Marcel, 278 
see also Appendix A 
Bronze; see Copper 

Building Officials Conference of America, 20 
Building Research Advisory Board, 35 
Buildings; with curtain walls; see Appendix 
A and individual entries 
Burned-clay materials, 290-308 


C 

Calcite minerals, 278 
Callendar, John Hancock, 60 
Canopies; see Solar controls 
Casting, 106 
aluminum, 131 f 
copper and copper alloys, 176 
for porcelain enameling, 215 
Caulking, 86 f, 89 f 
Cement, Portland, 258, 261 
Ceramic tile, 297 ff 

design considerations, 304 
properties, 301 
Ceramic veneer, 291 ff 

design considerations, 296 f 
properties, 293 f 

Chemical corrosion; see Corrosion, chemical; 
Acid resistance 

Chemical finishes; for aluminum, 139 f 
copper and copper alloys, 179 ff 
roll-embossed metals, 195 
stainless steel, 161 f 
Chrysler Building, 4, 53 
see also Appendix A 
Cladding, 106 
aluminum, 117 

Clay, expanded; as aggregate for concrete, 
259 

Cleaning; of curtain walls, 386 f 
aluminum, 140 
ceramic tile, 303 f 
ceramic veneer, 295 
copper and copper alloys, 181 
porcelain enamel, 218 
stainless steel, 162 
stone, 287 
windows, 69 
Clearances, 366 f, 380 f 
Coatings, organic, 336 ff 
Codes, building, 20, 22 ff, 93 ff 
see also Appendix D 
Cold; protection from, 25 ff 
see also Heat gain, solar 


Cold-working, 106 

Color; possibilities of; in aluminum, 127 
ceramic tile, 298 ff 
ceramic veneer, 294 
concrete, 269 f 

copper and copper alloys, 172 f 
glass, 236 
plastics, 251 
porcelain enamel, 212 f 
stainless steel, 152 
stone, 285 

Composite panels, 309 ff 
adhesives for, 323 ff 
cores for, 317 ff 
design considerations, 334 
fabrication, 333 f 
facings for, 316 
properties, 329 ff 
Concrete, 258 ff, 396 
appearance, 267 
design considerations, 276 f 
fabrication, 269 
properties, 260 
specifications, 277 
testing, 270 

Concrete, lightweight, 270 
Concrete; panels, 271 
Condensation, 15, 26 ff 

Contractors, responsibility of, 381, 386 f, 400 f 
Copolymers, 242 
Copper, 165 ff 
appearance, 172 f 
classifications, 166 f 
design considerations, 183 
fabrication, 176 f 
products, 174 
properties, 169 
protection, 181 
specifications, 184 
Copper alloys, 165 ff 
Cores; see Insulation 

Corrosion, atmospheric (weathering), 27, 56, 
109 

chemical, 109 
galvanic, 110 f 
Costs; general, 36,389 
aluminum, 144 
concrete, 277 

copper and copper alloys, 184 
glass, 239 

porcelain enamel, 222 
solar devices, 78 f 
stainless steel, 165 
stone, 288 

Cover cost; for porcelain enamel, 199 f 
Creep strength, 100 
stainless steel, 148 
glass, 229 
plastics, 244 

Criteria; for curtain walls, 1 f, 5 ff, 11, 37 ff 
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Crystal Palace, 3 

Crystalline limestone; see Limestone 
Curing; concrete, 263 ff 
Cutting; stainless steel, 156 
glass, 233 f 


D 

Damage; to curtain walls; see Repair; of cur¬ 
tain walls 

Davison, Robert L., 8 
see also Preface 

Definitions; of material properties and proc¬ 
esses, 99 ff 

Deflection; curtain wall frames, 342 f 
test for, 391 f 

Density; of aluminum, 121 
ceramic veneer, 293 f 
concrete, 263 

copper and copper alloys, 169 

glass, 228 

magnesium, 188 

plastics, 243 

porcelain enamel, 206 

stainless steel, 149 

stone, 282 

Design considerations; for curtain walls, 37 ff, 
340 ff 

adhesives, 328 f 
aluminum, 143 f 
ceramic tile, 304 
ceramic veneer, 296 f 
composite panels, 334 f 
concrete, 276 f 

copper and copper alloys, 183 
glass, 238 f 
plastics, 256 f 
porcelain enamel, 221 
stainless steel, 164 
stone, 288 f 

Distortion; of facing; see Waviness 
Dolomite, 279 

Dolomitic limestone; see Limestone 
Drawing; definition of, 107 
aluminum, 132 
copper and copper alloys, 176 
glass, 233 
stainless steel, 156 
Drilling, glass, 234 
Ductility; definition of, 101 
aluminum, 123 
copper and copper alloys, 169 
enameling iron, 202 
stainless steel, 149 
Durability; of ceramic tile, 301 f 
porcelain enamel, 205 
stone, 283 f 
see also Corrosion 


E 

Economics; see Costs 
Egg crate; see Solar controls 
Elastic limit; definition of, 101 
Elastomers; see Sealants 
Electrochemical finishes; for aluminum, 140 
expanded metals, 196 
magnesium alloys, 188 
stainless steel, 161 

Electrolytic corrosion; see Corrosion 
Electroplating; aluminum, 140 
copper and copper alloys, 180 
Elongation; see Ductility 
Empire State Building, 53 
Encaustic tile, 299 
Endurance limit, 101 
aluminum, 123 
stainless steel, 149 
Erection; of curtain walls, 378 ff 
fasteners for, 91 ff, 343 ff 
Expanded aggregates; for concrete, 259 
Expansion and contraction; of curtain walls, 
35,103,11 If 
Extrusion, 107 
aluminum, 132 f 
copper and copper alloys, 176 
porcelain enameling, 215 
sheet glass, 224 f, 232 
stainless steel, 157 

F 

Fabrication; of curtain wall components, 
105 ff 

see also entries of specific materials 
Facades, types of, 37 ff 
Facings, 50 ff, 316 
see also entries of specific materials 
Faience tile, 299 
Fasteners, 91 ff, 343 ff 
for aluminum, 136 ff 
for copper and copper alloys, 177 f 
for glass, 235 
for plastics, 254 

for porcelain-enameled metals, 217 f 
for stainless steel, 158 ff 
for stone, 286 

Federal Reserve Bank Annex, Detroit, 55 
see also Appendix A 
Fenestration; see Windows 
Finishes; aluminum, 127 f, 138 ff 
ceramic tile, 298 ff 
ceramic veneer, 294 f 
concrete, 267 f 

copper and copper alloys, 172 f, 178 ff 
expanded metals, 196 
glass, 236 f 

magnesium alloys, 188 
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plastics, 254 f 
porcelain enamel, 199 ff 
prefinished metals, 190 f 
roll-embossed metals, 195 
stainless steel, 153,160 ff 
stone, 285 f 
Fins; see Solar controls 
Fire protection, 19 ff, 34,92, 93 ff 
compared with insulation, 21 f 
Fire tests, 20 ff, 95 
Fitch, James Morton, 8 
525 Wm. Penn Place Building, 53 
see also Appendix A 
Flatness; of facings; see Waviness 
Flexural strength; see Strength, flexural 
Foamed glass, 226 f 
Foams, plastic, 318 ff 
Foil; metal; aluminum, 128 
copper and copper alloys, 175 
Forging, 107 
aluminum, 129,133 
copper and copper alloys, 176 f 
stainless steel, 157 
Forming, 107 
aluminum, 133 ff 
copper and copper alloys, 177 
sheet metals; for porcelain enameling, 216 f 
stainless steel, 157 f 
Forms; for concrete panels, 268, 271 
460 Park Ave. Building, 83 
see also Appendix A 
Frames, 46 ff, 342 f 
bronze, production of, 373 
see also entries of specific materials 
Freeze-thaw cycles; ceramic tile, 301 f 
ceramic veneer, 294 
concrete, 265 f 
stone, 283 f 

Functions; of curtain walls, 12 ff 
Future; of curtain walls, 11, 395 ff 


Gages, standard metal, 113 f 
see also Appendix F 
Galvanized metals, 185 ff 
Gaskets, 32, 88 ff, 350 ff 
inflatable, 32 f 

Gateway Center Buildings, 53 
see also Appendix A 
General Motors Technical Center, 53 
see also Appendix A 

General Petroleum Company Building, 55 
see also Appendix A 
Glass, 72 f, 222 ff, 396 
appearance, 231, 236 
classifications, 73, 223 ff 
design considerations, 238 f 
fabrication, 231 


products, 224 ff 
properties, 227 ff 
specifications, 239 
see also Windows 
Glass block, 73 

Glazes; for ceramic tile, 298 ff 
Glazing; see Glass; Windows 
Gold-coated glass, 73 
Government agencies; see Appendix C 
Gypsum, 279 

H 

Handling; of curtain walls, 376 ff 
Hardness, 101 
aluminum, 123 
copper and copper alloys, 169 
enameling iron, 202 
plastics, 243 
porcelain enamel, 206 f 
stainless steel, 149 
stone, 283 

see also Appendix E 
Heat-absorbing glass, 73, 226 
Heat gain, solar, 25 ff, 57 ff, 70 ff, 389 f 
see also Conductivity, thermal; Appendix B 
Heat-sealing; glass, 235 
plastics, 321 
Heat treatment, 105 ff 
aluminum, 116 ff, 136 
copper and copper alloys, 177 
stainless steel, 158 
Heating, 25 ff 

comparative costs of, 389 
thermoelectric, 398 
History; of curtain walls, 3 ff 
see also Preface 
Honeycomb cores, 322 f 


Igneous stone, 279 

Illumination; curtain wall as source of, 397 f 
Impact strength; see Strength, impact 
Industrial walls; erection of, 304 f 
panels for, 309, 312 
Infiltration, air, 32 
see also Gaskets; Sealants 
Inorganic finishes; see Finishes 
Inserts, metal; for curtain wall fastening:, 
346 f 

Insulation, 25 f, 57 ff 

comparative costs of heating and cooling, 

compared with fireproofing, 21 f 
in composite panels, 317 ff 
International Building Officials Conference, 
20 
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J 

Johnson’s proportional limit, 101 
Joints, 14 f, 82 ff, 343 f, 349 ff 
Joints, mechanical; for aluminum, 136 
copper and copper alloys, 178 
glass, 235 
stainless steel, 158 

Jurisdiction; for curtain walls; see Responsi¬ 
bility 


Laminated panels, 66, 311 ff 
fabrication of, 334 
see also Composite panels 
Lamination; of plastics, 253 f 
of plastics with metals, 190 
Lead glass, 224 
Leakage, 13 ff, 26 ff, 82 ff 
tests for, 391 f 
Lescaze, William, 1 f 
Lever House, 23, 87 
see also Appendix A 
Light-reducing glass; see Glass 
Light transmission; in glass, 231 
in plastics, 249 

Lightweight concrete; see Concrete, light¬ 
weight 
Lime glass, 224 
Limestone, 280 ff 

Limitations of curtain walls; aluminum, 142 f 
concrete, 276 

copper and copper alloys, 183 
glass, 238 

porcelain enamel, 220 
stainless steel, 163 
stone, 288 

Loads, wind; see Wind loads 


M 

Machining; aluminum, 136 
copper and copper alloys, 177 
stainless steel, 158 
Mackie and Kamrath, 7 
see also Appendix A 
Magnesium allovs, 188 f 
Maintenance; or curtain walls, 386 ff 
Manufacturers; of curtain walls and compo¬ 
nents; see Appendix A 
Marble, 281 ff 

Masonry; heat transfer in, 21 f 
comparative costs of heating and cooling, 
389 f * 

see also Concrete; Stone 


Masonry solar controls, clay; see Solar con¬ 
trols 

Materials, joining dissimilar; aluminum, 138 
copper and copper alloys, 178 
glass, 235 

Materials, properties and characteristics of, 
99-114 

see also entries of specific materials 
Materials, prospective, 395 f 
Mechanical finishes; see Finishes 
Mechanical joints; see Joints, mechanical 
Mechanical panels, 311 ff 
fabrication of, 333 
see also Composite panels 
Metals; composite, 189 f 
expanded, 196 
perforated, 196 f 
prefinished, 190 f 
roll-embossed, 191 ff 
see also Sheet metals 
Metallizing; glass, 236 f 
Metamorphic stone, 281 
Mies van der Rohe, Ludwig, 278 
see also Appendix A 
Modulus of elasticity, 101 
aluminum, 123 
copper and copper alloys, 169 
glass, 228 f 

magnesium alloys, 188 
plastics, 243 
stainless steel, 149 
stone, 282 

Modulus of rigidity; see Modulus of elasticity 

Molding; of plastics, 253 

Monadnock Building, 5 

Mullions, 18, 46 ff 

Multiple glazing, 227 

Muntz metal, 168 


N 

National Board of Fire Underwriters, 20, 95 
National Building Code, 20 
National Bureau of Standards, 17, 20 
Neoprene gaskets, 32, 88 ff, 355 
Nickel-silver, 168 

Ninety-nine Park Avenue Building, 83 
see also Appendix A 
Noise reduction, 97 f 


O 

Oolitic limestone; see Limestone 
Opacity; of porcelain enamel, 213 
Organic coatings, 336 ff 
Overhang; see Solar controls 








p 

Packaging; of curtain walls, 376 ff 
Painting; methods, 338 
Paints, 336 ff 

Panels, composite; see Composite panels 
Panels, laminated; see Laminated panels 
Panels, mechanical; see Mechanical panels 
Passivation; of stainless steel, 160 
Paxton, James, 3 

Pennsylvania, University of; Department of 
Engineering Research, 301 f 
Perforated metals, 196 f 
Perlite; as aggregate for concrete, 259 
Pipe, metal; copper and copper alloys, 175 
stainless steel, 155 
Plastics, 240 ff, 395 f 
appearance, 251 
classifications, 240 
design considerations, 256 f 
fabrication, 253 
products, 251 
properties, 242 ff 
specifications, 257 
Plastics, foamed, 318 ff 
Plastics, reinforced, 247 
Plastic-metal laminates, 190 f 
Plastics Industry, Society of the, 241 
Plate, metal; aluminum, 128 
copper and copper alloys, 175 
stainless steel, 154 
Plate glass, 73, 225 f 
Polymerization, 241 
Polysulfide rubbers, 356 
Porcelain enamel, 199 ff 
appearance, 212 
classifications, 199 ff 
design considerations, 221 
fabrication of base metals, 215 ff 
products, 214 f 
properties, 204 f 
protection, 218 
specifications, 221 
testing, 218 

Porcelain Enamel Institute, 1, 89, 210 f 
tests, 218 

see abo Appendix D 
Porosity; of stone, 284 
Portland cement, 258 
Powder-actuated fasteners, 347 f 
Precasting; concrete, 271 ff 
Precipitation, protection from, 13 ff 
see also Joints; Gaskets; Sealants 
Pressing; glass, 233 
Prestressing; concrete, 273 
Princeton University; Curtain Wall Studies, 
11,60, 111 f 

Production; of curtain walls, 367 ff 
Properties; of materials; see Materials, prop¬ 
erties and characteristics of 


Proportional limit, 102 

see abo Johnson's proportional limit 
Protection; of curtain walls, 377 f 
see abo entries of specific facing materiab 
Psychological effect; of curtain walls, 34, 67 
Pumice; as aggregate for concrete, 258 

Q 

Quartzite, 280 f 

R 

Rain; protection from; see Precipitation 
Ratio, water-cement, 262 f 
Reflectivity, 102 
aluminum, 128 
burned clay products, 291 
copper and copper alloys, 173 
plastics, 254 
porcelain enamel, 213 
stainless steel, 153 f 
Reinforcing, steel; for concrete, 259 
Repair; of curtain walls, 378, 387 f 
Research, curtain wall, 397 ff 
Responsibility; for curtain walls, 381, 386 f, 
400 f 

Rigidity, flexural; see Strength, flexural 
Riveting; aluminum, 137 
stainless steel, 159 
copper and copper alloys, 178 
Rod, metal; aluminum, 128 f 
copper and copper alloys, 175 
Roll-embossed metals, 191 ff 
Rolling, 107 
aluminum, 135 
copper and copper alloys, 177 
glass, 233 
stainless steel, 158 
Rubbers, polysulfide, 356 

s 

Saarinen, Eero, 53 
see abo Appendix A 
Sag, 102 

in porcelain enamel on steel, 207 
in titanium steel, 202 
Salvage; of curtain walls, 388 
Sandstone, 280 
Sandwich panels, 309 ff 
Sash; see Windows 
Screens, decorative metal, 196 ff 
Screw fasteners; for aluminum, 137 
plastics, 254 

porcelain-enameled metals, 217 f 
stainless steel, 160 
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Sealants, 87 ff, 350 ff 
Sedimentary stone, 279 ff 
Shale, expanded; as aggregate for concrete, 
259 

Shapes; metal structural; copper and cop¬ 
per-alloy, 175 
Sheet glass, 224, 226 
Sheet metals; aluminum, 128 
copper and copper alloys, 175 
gages of, 113 

for porcelain enameling, 215 ff 
stainless steel, 154 
waviness in, 111 ff 

Shipping; of curtain walls; see Transportation 
Shrinkage; in concrete, 265 
Silica minerals, 278 
Silicate minerals, 278 

Sizes, standard; of curtain wall components; 
aluminized steel, 189 
aluminum, 128 ff 
ceramic veneer, 293 
concrete, 269 

copper and copper alloys, 174 f 
galvanized metals, 185 f 
glass, 231 
plastics, 251 
porcelain enamel, 214 f 
prefinished metals, 191 
roll-embossed metals, 191 
stainless steel, 154 ff 
stone, 281 
Skin panels, 309 f 

Slag, expanded; as aggregate for concrete, 
259 

Slump; in concrete, 269 
Small buildings, curtain walls for, 69 f, 402 
Solar controls, 74 ff 
clay masonry, 305 ff 
Soldering; of aluminum, 137 
copper and copper alloys, 178 
porcelain-enameled metals, 217 
stainless steel, 159 
Sound; see Acoustics 
Southern Standard Building Code, 20 
Specifications, 392 ff 
see also Appendix D 
Spraying; paint, 338 f 
concrete, 273 
Stainless steel, 145 ff 
appearance, 152 
classifications, 145 ff 
design considerations, 164 
fabrication, 156 ff 
products, standard, 154 f 
properties, 148 ff 
protection, 162 
specifications, 164 

Stainless steel panels, production of, 367 ff 
Stamping, 107 
aluminum, 135 f 


copper and copper alloys, 176 
stainless steel, 156 
Standards; official; see Appendix D 
Standards, National Bureau of; see Appen¬ 
dix D 

Standard components, 402 
Standard sizes; see Sizes, standard 
Steel; aluminized, 189 
Steel, carbon, 185 

for concrete reinforcing, 259 
wall unit; assembly of, 374 f 
Steel, stainless; see Stainless steel 
Stone, 278 ff 
appearance, 285 
classifications, 278 
design considerations, 288 
properties, 282 ff 
protection, 287 
specifications, 289 
testing, 283 

Storage; of curtain walls, 377 f 
Strength, compressive; ceramic veneer, 293 
concrete, 261 ff 
stone, 282 

Strength, flexural, 101 
Strength, impact, 101 
aluminum, 123 
porcelain enamel, 206 
stainless steel, 149 
Strength, shear; ceramic veneer, 293 
Strength, ultimate and yield, 102 f 
aluminum, 123 
ceramic veneer, 293 
concrete, 261 f 

copper and copper alloys, 170 
enameling iron, 202 
glass, 228 
magnesium, 188 
plastics, 243 f 
porcelain enamel, 206 f 
stainless steel, 150 
stone, 282 

Strength-weight ratios, 108 
Stretcher-leveling, 107 
enameling iron, 201 
stainless steel, 158 

Strip, metal; copper and copper alloys, 174 f 
stainless steel, 154 
Stud welding, 348 f 
Sun controls: see Solar controls 
Suppliers; of curtain walls and components; 
see Appendix A 


Tapes, sealing, 356 f 
Tempering, 107 
aluminum, 119, 136 
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glass, 234 f 
stainless steel, 158 

Terra cotta; see Ceramic veneer; Masonry 
solar controls, clay 
Testing, 390 ff 
aluminum, 141 
ceramic tile, 301 f 
concrete, 270 
porcelain enamel, 218 
stone, 283 f 

Testing; of assemblies, 390 ff 
see also entries under specific materials 
Thermal conductivity, 25 ff, 57 ff, 103 
of through metal, 30 
see also Thermal properties 
Thermal expansion, 35,103 
see also Thermal properties 
Thermal limits, 103 f 

see also Thermal properties 
Thermal properties, 21 f 
see also entries of specific properties and 
entries under specific materials 
Thermoplastics, 241 
Thermosetting plastics, 242 
Tile, ceramic; see Ceramic tile 
Tile Council of America, 304 
Tiltup panels, concrete, 70 
Tolerances, 15, 366 f, 380 f 
Transmission loss, 97 f 
Transportation; of curtain walls, 376 f 
Tubing, metal; aluminum, 129 
copper and copper alloys, 175 
stainless steel, 154 

U 

Ultimate strength; see Strength, ultimate 
Uniform Building Code, 20, 95 
United Nations Secretariat, 23 
see also Appendix A 

V 

Vacuum lifters; for concrete panels, 272 

Vapor barriers, 26 ff, 63 ff 

Vapor permeability, 64 

Vapor pressures, 29, 65 

Veneer, ceramic; see Ceramic veneer 

Venting; curtain wall panels, 349 


Vermiculite; as aggregate for concrete, 259 

Vibration; in curtain walls, 96 ff 

View, provisions for, 30 ff 

Vinyl gaskets, 32, 88 ff 

Vitreous enamel; see Porcelain enamel 

Vitreous-enameled glass, 226 


W 

Wall, masonry, 2 ff 
heat transfer in, 21 f 
Wall, panel, 1 
Wall, windowless, 33 f 
Water absorption; of stone, 283 f 
Water-cement ratio, 262 
Waviness; in facings, 111 ff, 316 
aluminum, 128 
copper and copper alloys, 173 
porcelain enamel, 214 
stainless steel, 154 
Weather Bureau, United States, 17 
Weathering; see Corrosion 
Weatherproofing; see Caulking; Gaskets; 

Sealers; etc. 

Weatherstrips, 32 f 
Weepholes, 29, 65 

Weight, maximum; for curtain wall unit, 377 
Welding; of aluminum, 137 
copper and copper alloys, 178 
plastics, 254 

porcelain-enameled metals, 217 
stainless steel, 159 f 
Welding, stud, 348 f 
Wind loads, 15 ff, 342 f 
Wind penetration, 15 
see also Gaskets; Sealants 
Windows, 30 ff, 67 ff 
see also Glass 

Wire, metal; aluminum, 129 
copper and copper alloys, 174 f 
stainless steel, 156 
Wrought aluminum, 116 f 


Y 

Yield strength; see Strength, yield 
Yield point, 103 

of enameling iron, 202 
Young's modulus; see Modulus of elasticity 
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WILLIAM DUDLEY HUNT, Jr., 

A.I.A., joined Architectural Record maga¬ 
zine in 1958 as a senior editor. For eight 
years prior to this, he practiced architecture 
in Alabama, Louisiana and Florida. His 
architectural work includes wide experience 
in houses, apartments, public housing, fac¬ 
tories, schools, hospitals, motels, hotels, res¬ 
taurants, churches, office buildings, stores 
and medical clinics. 

The author has taught engineering at Tulane 
University, New Orleans, and State College, 
Jacksonville, Alabama. He holds a B. Arch, 
and B.S. degree from these schools, respec¬ 
tively. 

In addition to his architectural practice, the 
author has been the director of research and 
development for a building products manu¬ 
facturer. He has also been active in indus¬ 
trial design work, and has designed hydraulic 
apparatus, prefabricated curtain wall sys¬ 
tems, prefabricated schools and motels, 
acoustical load-bearing decking, Air Force 
rocket sleds, and furniture. In 1958 the 
Dallas Museum of Fine Arts presented him 
with an award for his furniture designs, en¬ 
tered in the First Southwestern Design Com¬ 
petition. 

His writing activity includes many articles 
for professional and trade journals in or 
connected with architecture. He brings his 
obvious writing ability and broad design 
experience into brilliant focus in The Con¬ 
temporary Curtain Wall. 






other books of interest 

Field Inspection of Building Construction, by Thomas H. McKaig. 

A daily working guide to the supervision of construction for architects, 
engineers and field inspectors. Gives the inspector guidance in safeguarding 
the owner’s interests against a variety of contingencies, without exposing 
him to charges, interference or delay. Covers such things as quality, of 
materials and workmanship, coordination of work by different trades, sched¬ 
ules, material storage, safeguarding of work in place, safety precautions. 
384 pages, 6" x 9", $9.35. 

Apartments and Dormitories, by the editors of Architectural 
Record. Presents in a series of detailed surveys many recently completed 
projects from all parts of the country, and some outside the U.S.A. Each 
study is fully illustrated, and many plans and drawings are also shown. In¬ 
cludes buildings by Frank Lloyd Wright, Mies van der Rohe, Edward Stone, 
Richard Neutra, Marcel Breuer, and other leading architects. 240 pages, 
8%" x ll s /8", $8.95. 

Estimating General Construction Costs, Second Edition, by Louis 
Dallavia. Provides an accurate, foolproof method of estimating all direct 
production costs in earthmoving, concrete, masonry, steel, and timber con¬ 
struction. The tables, developed during the author’s 22 years of experience 
as an estimator, are unique in that they can be applied at any time and place 
with equal validity. To make the book more useful, estimating form sheets, 
tables, and check lists for each type of construction have been included. 
205 pages, 6" x 9", $8.50. 

The Structures of Eduardo Torroja, an autobiography of engi¬ 
neering accomplishment. For the first time, the famous architect-engineer 
of Spain has written a book which illustrates and describes the major ac¬ 
complishments of his career. Torroja selects and shows 30 significant struc¬ 
tures—bridges, stadiums', churches, aqueducts, and others—and explains 
his reasoning behind each, and-describes-them in text, photographs and 
drawings. 224 pages, 7" x 9$8.50. 

Grounds Maintenance Handbook, Second Edition, by Herbert S. 
Conover. Complete information on the development and maintenance of 
public, industrial, commercial, and private grounds—a wealth of practical 
working information and tested procedures. Covers every aspect of the 
subject, including soil preparation, selection of plants, seeding methods, weed 
and insect control, road and path maintenance, preventing erosion, and 
scheduling work. Over 225 illustrations. 503 pages, 6" x 9", $10.75. 
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